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PREDICTION AND $7338 
PREVENTION OF SUDDEN 
CARDIAC DEATH. 


‘Arthur J. Moss, M.D.} 


Heart Research Follow-up Program, Department of Preventive Medicine and 
Community Health and the Department of Medicine, University of Rochester 
School of Medicine and Dentistry, Rochester, New York 14642 


INTRODUCTION 


An estimated one million cardiac deaths occur annually in the United 
States, and approximately one half of these are sudden. These numbers and 
percentages are imprecise because they are derived from a variety of 
epidemiologic and community studies using various definitions of sudden 
and often including non-cardiac causes of sudden death such as cerebral 
vascular disease, pulmonary embolism, and ruptured aortic aneurysm. Al- 
though sudden cardiac death (SCD) is common in such conditions as aortic 
valvular disease, cardiomyopathy, myocarditis, and the idiopathic long QT 
interval syndrome, and although SCD has been reported with mitral valve 
prolapse, preexcitation syndrome, and the various conduction defects, the 
most common cause of SCD is coronary heart disease. 

During the past decade considerable progress has been made in the 
reduction of cardiac deaths from all causes, including SCD. A recent gov- 
ernmental vital statistics report has.documented that the age-adjusted car- 
diovascular morality rates have declined about 32% over the past 30 years, 
with two-thirds of this decline occurring since 1968 (1). This reduced 
cardiac mortality rate is seen in both sexes, in whites and non-whites, and 
in every age group from the.second to beyond the eighth decade. Experts 
in the field conclude that the recent decrease in both sudden and non- 
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sudden mortality from coronary heart disease is real and not the result of 
artifacts or changes in death-certificate coding. Both primary prevention 
through changes in risk factors and better medical care have probably 
contributed to the decline (2). 

These findings and conclusions suggest that further reduction in SCD will 
require a four-pronged approach: (a) primary prevention programs to re- 
duce the incidence of cardiac disease in general and coronary heart disease 
in particular; (6) the development of more effective secondary prevention 
programs to reduce the percentage of patients dying with established heart 
disease; (c) the identification of groups and individuals who are at high risk 
of SCD; and (d) the selective application of medical treatment to high risk 
patients to reduce the likelihood of SCD. 


DEFINITION OF SUDDEN 


Various temporal yardsticks have been used for the definition of sudden 
death. In 1970, a broadly constituted international committee supported by 
the International Society of Cardiology and the American Heart Associa- 
tion agreed upon the following: “Sudden unexpected (natural) death is 
defined as death occurring instantaneously or within an estimated 24 hours 
of the onset of acute symptoms or signs” (3). This definition has been 
accepted by most epidemiologists, but clinicians feel uncomfortable with 
such a broad time range. Friedman et al (4) subdivided “sudden death” into 
instantaneous (prior to or within 30 seconds after the onset of any symp- 
toms) and non-instantaneous (minutes to 24 hours after the onset of symp- 
toms or signs) demise. Ruberman et al (5) in. their follow-up studies of 
coronary patients in the Health Insurance Program of New York City 
defined sudden coronary death as that occurring within minutes of a pa- 
tient’s usual state of health in the absence of symptoms or findings suggest- 
ing acute myocardial infarction. Most investigators in the field utilize the 
one-hour definition. Myerburg (6) constructed a broad and useful definition 
of sudden cardiac death: “Natural death due to cardiac causes, occurring 
either instantaneously or up to one hour after the onset of symptoms in a 
patient who may or may not have known preexisting heart disease, but in 
whom the time and mode of death occur unexpectedly.” 


EPIDEMIOLOGIC STUDIES 


Various epidemiologic studies have been carried out to determine the fre- 
quency and specific cause of sudden death in defined populations. Kuller 
et al (7) investigated the chronology and cause of death in a large sample 
(1857) of non-traumatic deaths in Baltimore residents between the ages of 
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20 and 65. Using a 24-hour definition for sudden, Kuller found that 32% 
of all non-traumatic deaths and 60% of all arteriosclerotic heart disease 
(ASHD) deaths were sudden. Furthermore, half of the ASHD sudden death 
victims had a history of heart disease prior to death and almost one quarter 
had seen a physician within a week prior to demise. In a subsequent post- 
mortem study, Kuller found that SCD patients were characterized by a high 
frequency of prior heart disease, hypertension, diabetes, recent medical 
care, and prodromal symptoms (8). Also, SCD usually occurs at home or 
work and is rarely associated with an obvious acute precipitating event. 
Postmortem studies of these sudden ASHD deaths revealed heavy hearts 
(58% exceeded 450 g), a preponderance of severe and diffuse three- and 
four-vessel coronary atherosclerotic disease, and relatively infrequent acute 
lesions (fresh coronary thrombosis or recent myocardial infarction). Addi- 
tional reports from the Baltimore group emphasized the combination of 
chronic myocardial damage and extensive multivessel disease as the sub- 
strate for SCD in ASHD; single-vessel coronary disease was infrequent and 
significant intramyocardial blood vessel disease was not demonstrated in 
this SCD group (9). 

In the Michigan prospective epidemiologic investigation involving 8641 
residents of Tecumseh (10), 46% (45 of 98) of the coronary heart disease 
deaths were sudden (within one hour of the onset of symptoms). In the 
majority of the sudden deaths, coronary heart disease or diabetes mellitus 
had been detected on prior examinations. Also, 84% of those dying sud- 
denly had prior evidence of arrhythmias and conduction defects in a 12-lead 
electrocardiogram. The Tecumseh investigators concluded that although 
sudden coronary deaths occur without immediate prior warning, the vic- 
tims are predisposed long before the catastrophic event. 

In the so-called pooling project (the combined Albany and Framingham 
population studies), an investigation was performed to determine whether 
any characteristics differentiate coronary disease patients who die suddenly 
from those who die more slowly from the disease (11). The likelihood of 
sudden death could be estimated over a 14-fold range of risk from a mul- 
tivariate profile of systolic blood pressure, relative body weight, cigarette 
habit, and ‘electrocardiographic evidence of left ventricular enlargement. 
Although one third of the sudden deaths occurred in men in the topmost 
decile of risk, no combination of risk factors identified persons destined to 
die suddenly from those who would experience a more protracted death. 
That is, the risk profile is essentially the same whether the terminal event 
is sudden and unexpected or prolonged. 

Social and behavioral factors have been implicated in sudden coronary 
deaths. Although many anecdotal experiences have been reported (12-14), 
few scientific studies substantiate such a relationship. A recent investigation 


4 MOSS 


of sudden death during the posthospital phase of myocardial infarction in 
a large prepaid group practice (Health Insurance Plan of Greater New 
York) substantiated a significant relation between low education level and 
SCD (15). During a three-year follow-up period after myocardial infarction, 
men with eight years of schooling or less who had complex ventricular 
premature beats in a one-hour monitoring period had over three times the 
risk of sudden coronary. death found among better-educated men with the 
same arrhythmia. This relationship was independent of traditional risk 
factors and the usual clinical characteristics affecting prognosis. 


PATHOLOGIC STUDIES 


Over 20 years ago Spain et al (16) demonstrated that 80% of patients with 
sudden deaths had significant coronary stenosis in more than one vessel. In 
only 15% of Spain’s cases was the main lesion limited to one vessel, usually 
the left main or left anterior descending arteries. (The remaining 5% of 
patients had nonsignificant coronary stenosis.) Extensive coronary atheros- 
clerotic disease has been substantiated as the substrate for SCD in numerous 
subsequent reports (17-19). Despite the diffuse nature of the coronary 
atherosclerotic process in SCD, only one third of such patients have occlu- 
sive coronary artery thrombi (20). In contrast, patients dying non-suddenly 
with transmural myocardial infarction have a high frequency (90%) of 
occlusive thrombi. When organizing thrombi are observed in SCD, the sites 
at which they occur show a high prevelance of acute lesions—plaque rup- 
ture and intramural hemorrhage (20). Friedman et al (4) described different 
pathologic findings in patients dying instantaneously (<30 seconds after 
onset of any symptoms) from those dying suddenly (within minutes to 24 
hours). Patients dying instantaneously had extensive chronic coronary ar- 
terial disease but almost no evidence of an acute pathologic lesion. In 
contrast, significant acute coronary lesions (thrombosis, plaque rupture, 
intramural hemorrhage) were found in 82% of the non-instantaneous sud- 
den coronary deaths. These findings suggest that instantaneous coronary 
death is an electrical event, possibly caused by acute myocardial ischemia, 
but not the result of acute coronary thrombosis. 

Some investigators speculate that the lethal cardiac dysrhythmias in SCD 
may arise from ischemic necrosis involving the specialized Purkinje con- 
ducting system. Lie & Titus (21) carried out a detailed histopathologic 
study of the conducting system in 49 SCD victims (within six hours of the 
onset of acute symptoms). Acute ischemic necrosis of the Purkinje fibers 
was an exceptional finding, and there were no specific histopathologic le- 
sions of the conduction system peculiar to SCD. A seemingly intact conduc- 
tion system was not inconsistant with the development of lethal cardiac 
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arrhythmias. Lie & Titus concluded that SCD probably resulted from 
electrical instability of the acutely ischemic contractile myocardium rather 
than a direct injury to the specialized conductive tissue of the heart. 

A recent study from Helsinki focused its attention on the presence of 
recent myocardial infarction and the prevalence of different coronary le- 
sions or their combination in relation to the time course of the fatal attack 
(19). Among 151 SCD victims (<24 hours), necropsy revealed a recent 
myocardial infarction in 77% (51% with “early” changes and 26% with 
“definite” findings using the WHO classification scheme). The clinical sud- 
denness of death did not relate to the stage of the recent myocardial lesion 
(early vs definite). In about half of the patients with an early or definite 
infarction, as well as those with no recent infarction at necropsy, the fatal 
attack ended abruptly (<2 hours). However, patients with non-abrupt SCD 
(2-24 hours) were more likely to have definite rather than early infarction. 
Also, the severity of the obstructive changes in the coronary arteries was 
no different in patients who died instantaneously than in those who died 
after a period of symptoms, whether under or over two hours. Thus, sud- 
denness of cardiac death is not associated with a specific pathologic pattern 
in either the myocardium or the coronary arteries. 


RESUSCITATED SCD VICTIMS 


Many communities have established emergency mobile medical care sys- 
tems, and during the past decade many patients have been resuscitated from 
out-of-hospital cardiac arrest. This resuscitated group presents a unique 
opportunity to study the pathophysiologic factors responsible for lethal 
arrhythmias. Weaver et al (22) reported the angiographic findings in 64 
patients resuscitated from out-of-hospital ventricular fibrillation (VF). The 
majority of VF patients (72%) had a previous history of cardiovascular 
disease, while in 28% ventricular fibrillation was the first manifestation of 
coronary artery disease. Advanced coronary atherosclerosis was a frequent 
finding: 94% of the patients had severe stenosis in one or more of the major 
coronary arteries, and 70% had ventricular contraction abnormalities. Of 
the 64 resuscitated patients, 14 developed a second potentially lethal arr- 
hythmic episode during an average follow-up of 20 months. Patients who 
“died the second time” had more severe triple-vessel coronary disease, 
lower ejection fractions, and much more severe ventricular wall motion 
abnormalities than did survivors. These findings highlight the importance 
of combined coronary and myocardial factors in the initiation and recur- 
rence of ventricular fibrillation. 

Other studies from the Seattle group provide insight into the mechanisms 
responsible for the terminal event. In 1974 the Seattle group rèported on 
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the posthospital follow-up of 146 patients resuscitated from prehospital VF 
(23). Acute transmural myocardial infarction was confirmed in only 17% 
of the patients, and myocardial necrosis (LDH-isoenzyme criteria) was 
observed in 33%; the remaining 50% of the resuscitated victims showed no 
evidence of acute myocardial infarction. This latter non-infarctive group 
had a two-year mortality more than three times that of the patients with 
acute infarction following the initial resuscitation. Thus, the phenomenon 
of SCD should not be equated with acute myocardial infarction. Also, 
patients resuscitated from ventricular fibrillation without associated acute 
myocardial infarction are prone to sudden death—-most probably from 
residual myocardial fibrosis and ischemia, which contributes to continuing 
electrical instability. Those with acute myocardial infarction, on the other 
hand, apparently have only a temporary electrical instability. 


POSTHOSPITAL PHASE OF MYOCARDIAL 
INFARCTION 


Patients who survive the acute phase of myocardial infarction have a one- 
year posthospital mortality of approximately 10%, with a continued mor- 
tality rate of about 3 to 5% per year thereafter. Posthospital cardiac death 
may be sudden or non-sudden with a heterogeneous combination of arr- 
hythmic, mechanical, and ischemic factors playing a role in the terminal 
event. In 1972, a prospective postcoronary follow-up program was initiated 
in Rochester, New York, to detail the posthospital course of patients surviv- 
ing an acute myocardial infarction. From 1973 to 1976, 978 patients less 
than 66 years of age were enrolled in the study. Prior to hospital discharge, 
a detailed clinical evaluation was carried out including a 6-hour Holter 
ECG tape recording. The average age of these patients was 53.7 years; 81% 
were male and 40% had an anterior myocardial infarction. During an 
average follow-up of almost three years, 117 patients died of cardiac cause. 
Among the witnessed deaths (n = 98), 56% were sudden (<1 hour). 

The Rochester postinfarction population was analyzed to evaluate the 
chronology (interval from hospital discharge to demise) and suddenness 
(elapsed time from acute cardiac symptoms to demise) of cardiac death. 
During the first postinfarction year, 57% of the non-sudden cardiac deaths 
occurred within two months after hospital discharge, and 77% of the SCD 
(<1 hour) occurred within 3 to 12 months (P < 0.02). No predischarge 
clinical variables, including Holter-recorded ventricular premature beats, 
distinguished between subsequent sudden and non-sudden cardiac death. 
These findings indicate that the time course of the terminal event is more 
difficult to predict than had been appreciated previously. 
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Numerous investigators find that certain ventricular premature beat 
(VPB) characteristics recorded in patients following acute myocardial in- 
farction are harbingers of subsequent cardiac death (24-26). Recently, in- 
vestigators from the Health Insurance Program (HIP) in New York City 
demonstrated that men with complex VPBs (R on T, runs of two or more, 
multiform, or bigeminal beats) experienced a risk of sudden death three 
times that of men with simple or no VPBs (5). Furthermore, complex VPBs 
made an independent contribution to the mortality risk. We recently carried 
out a similar analysis on the Rochester population using the same criteria 
for complex VPBs as the HIP study. Cardiac mortality was categorized as 
sudden (<1 hour) or non-sudden (> 1 hour). Complex VPBs were associated 
with a significantly increased cardiac death rate, but the complex patterns 
did not discriminate between sudden and non-sudden death (27). These 
findings indicate that Holter-recorded complex VPBs lack specificity with 
regard to the prediction of the mode of cardiac death. 

Various studies in progress or recently reported provide additional clues 
to who is at risk in the postmyocardial infarction population. In the 
Stanford Rehabilitation Program (28), treadmill exercise testing was per- 
formed three weeks after the acute event in uncomplicated myocardial 
infarction patients at risk for a subsequent cardiac event. Prognosis was 
more closely related to exercise-induced ischemic abnormalities (ST seg- 
ment depression 0.2 mV) and to mechanical dysfunction (low maximal 
work load) than to electrical instability (VPBs). In a more representative 
postinfarction population, Weld et al (29) substantiated the importance of 
poor mechanical performance as a marker of subsequent cardiac death. 
Schulze et al (30) performed Holter monitoring and gated cardiac blood 
pool scanning on patients prior to hospital discharge following myocardial 
infarction. All sudden deaths occurring within a mean follow-up time of 
seven months developed in patients with the combination of a depressed 
ejection fraction (<0.4) and complex VPBs. Recently, Greene et al (31) 
utilized the repetitive ventricular response (two or more VPBs produced by 
a single ventricular pacing stimulus) to evaluate posthospital outcome in 48 
survivors of myocardial infarction. Of those who had a repetitive response 
to the pacing stimulus, 79% (15 of 19) had symptomatic ventricular tachy- 
cardia or SCD within a 12-month follow-up. Schwartz & Wolf (32) showed 
in a group of 55 patients with myocardial infarction that the risk for SCD 
was 2.2 times greater with a prolonged QT, (> 0.44 sec) than with a normal 
QT, Finally, two-dimensional echocardiography is now being used to iden- 
tify high risk postinfarction patients. Eaton et al (33) used two-dimensional 
echo to show that coronary patients with regional infarct expansion have 
a significantly greater eight-week mortality than patients without this 
finding. 
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CIRCUMSTANCES ATTENDING SCD 


Although a large amount of data has been accumulated regarding the 
epidemiology, pathology, and risk factors pertaining to SCD, there is little 
information describing the circumstances of the terminal event. Kuller, in 
his epidemiologic study of SCD in Baltimore, noted that the onset of the 
terminal event was usually at home or work and rarely associated with an 
obvious acute precipitating event (7). Various authors have speculated on 
the potentially important role of emotional and psychologic factors in ini- 
tiating SCD, but appropriate studies to support or refute these speculations 
have not been reported. Lown (34) has investigated in the animal model 
transient neurologic and psychologic factors that can lower the threshold 
for ventricular fibrillation in the vulnerable heart. In fact, Lown believes 
that investigative focus into the factors responsible for SCD should be 
shifted from the heart as target to the brain as trigger. 

In light of the aforementioned comments, the report by Myers & Dewar 
(14) into the circumstances attending 100 male sudden deaths is of interest. 
These investigators paid particular attention to the patient’s normal habits 
and mode of life as well as the circumstances in which the patient died to 
determine whether these circumstances were unusual or of more than coin- 
cidental significance. Each subject served as his own control in terms of long 
uneventful periods that preceded the terminal event; in addition, 100 non- 
fatal infarct patients served as an accessory control group. Very strenuous 
exercise, the season of the year, the environmental temperature or its recent 
change, and chronic psychologic stress were similarly distributed in the 
SCD and non-fatal infarct controls. Moderate physical activity, evening 
hours (6-10 pm), Saturday, a recent meal accompanied by alcohol, and 
acute psychologic’stress were significantly more frequent in the SCD group 
than in the non-fatal controls. These findings are compatible with the thesis 
that activation of the sympathetic nervous system and the neurogenic re- 
lease of catecholamines are important factors in the genesis of SCD. 


PREDICTORS OF SCD 


Prediction of SCD is difficult, and the available risk factors lack specificity 
and sensitivity in victim identification and the chronologic occurrence of the 
event. Classifying patients by the type of clinical cardiac disease provides 
some insight into the predictors of SCD. 


Coronary Heart Disease 


Within an asymptomatic population, 22% of new coronary events are SCD. 
Available evidence indicates that the traditional risk factors for coronary 
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disease (hypertension, hypercholesterolemia, and cigarette smoking) are 
sensitive but non-specific predictors of SCD. In.patients with established 
coronary heart disease (angina, prior myocardial infarction, and positive 
exercise test), the severity of the mechanical, electrical, ischemic, and coro- 
nary abnormalities bears adirect relationship to the risk of both sudden and 
non-sudden cardiac death. Recent invasive studies using ventricular pacing 
stimuli to provoke a repetitive ventricular response appear to hold some 
promise in identifying postcoronary patients at high risk of SCD (31). 


Valyular Aortic Stenosis 

Patients with rheumatic or congenital aortic stenosis, symptoms of angina 
or congestive heart failure, and a critically reduced aortic valve area (< 1.0 
cm?) experience a high mortality within a two-year interval after onset of 
cardiac deterioration. Syncope is particularly ominous and usually reflects 
transient hemodynamic disturbances with secondary premalignant arrhyth- 
mias. 


Hypertrophic Cardiomyopathy 


Ventricular arrhythmias are common in patients with hypertrophic cardi- 
omyopathy of the obstructive (IHSS, HOCM)? and non-obstructive types, 
and VPBs may play a causal role in the higher incidence of SCD observed 
in these conditions. The combination of a family history of SCD, ventricular 
hypertrophy by ECG, young age, and aie VPBs identifies the individ- 
ual at excess risk for SCD. 


Mitral Valve Prolapse 


Mitral valve prolapse with click-murmur findings and frequent VPBs is a 
common clinical condition. Recent longitudinal studies substantiate the 
benign nature of this condition in most patients. However, a small subset 
of patients with a history of syncope or presyncope, blood relatives with this 
syndrome, ECG ST-T wave changes including slight QT prolongation, and 
frequent or complex VPBs on Holter recordings is vulnerable to SCD from 
ventricular fibrillation. This subgroup warrants close observation and ag- 
gressive antiarrhythmic therapy. 


Long OF Syndrome 


Prolongation of the QT interval is associated with ventricular arrhythmias, 
syncope, and sudden death (35). The delayed repolarization phenomenon 
has been categorized into primary or idiopathic types with and without 
heritable features and acquired forms secondary to drugs, electrolyte imbal- 


HSS = idiopathic hypertrophic subaortic stenosis; HOCM = hypertrophic obstructive 
cardiomyopathy. 
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ance, and cerebral vascular disease. In many patients with long QT syn- 
drome (LQTS), VPBs are present on 24-hour recordings, and transient 
ventricular flutter or fibrillation has been recorded during syncopal epi- 
sodes. The familial LQTS with VPBs is associated with a high SCD rate, 
estimated at 73% over an average five-year period. 


Atrioventricular Conduction Disturbance 


Atrioventricular conduction disturbance (AVCD) with varying degrees of 
heart block may develop from a variety of different disease conditions 
(degenerative, arteriosclerotic, inflammatory, metabolic, etc). Although PR 
interval prolongation and bundle and fascicular conduction disturbances 
are common, His bundle recordings have not been useful in identifying 
patients at risk of asystolic SCD. Syncope of the classical Morgagni-Adams- 
Stokes type is the hallmark of impending SCD. Pacemaker therapy is 
indicated in patients with syncope complicating AVCD. 


PREVENTION OF SCD 


As pointed out in the previous sections, SCD may occur with a variety of 
cardiovascular disorders, yet coronary heart disease accounts for over 90% 
of all SCD events. Any attempt to prevent SCD must focus on the problems 
of coronary heart disease. Prevention is an epidemiologic term frequently 
applied to the eradication of communicable and contagious disease, and it 
may be inappropriate to think in similar terms of prevention of SCD due 
to coronary atherosclerosis. Rather, emphasis should be placed on reducing 
the occurrence of SCD through a variety of therapeutic and prophylactic 
measures. 


Community Measures 


Many communities have substantiated the life-saving effectiveness of rap- 
idly résponsive mobile units capable of on-the-spot defibrillation. The resus- 
citation rate of out-of-hospital cardiac arrest has been enhanced when lay 
members of the society have provided temporizing cardiopulmonary resus- 
citation (CPR) with external cardiac massage and mouth-to-mouth resusci- 
tation. Thus, local American Red Cross and American Heart Association 
chapters should initiate community-wide training of lay personnel in CPR 
and should encourage the development of mobile resuscitation units. 


Public Health Measures 

SCD is frequently the initial manifestation of coronary heart disease, and 
extensive coronary atherosclerotic disease is usually present on autopsy 
examination. It follows that therapeutic measures that prevent, inhibit, or 
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reverse the atherosclerotic process provide the greatest long-term likelihood 
of reducing the rate of SCD. In this regard, the progressive reduction in 
atherosclerotic cardiac mortality over the past ten years suggests that con- 
tinuing efforts should be directed toward the control of the primary risk 
factors. Reduction in tobacco usage, blood pressure, and blood lipids to- 
gether with augmented physical activity should reduce the risk of coronary 
atherosclerotic disease in the general population with a resultant diminution 
in the occurrence of SCD. 


Physician-Initiated Measures 


Experience in Coronary Care Units (CCU) substantiates the benefits of 
aggressive therapy in reducing mortality from acute myocardial infarction. 
The fundamental principles involved in the CCU approach are (a) risk 
stratification (admission of high risk patients with acute myocardial is- 
chemia or infarction to specialized care units) and (b) the application of 
selective prophylactic and therapeutic measures (antiarrhythmic agents, 
defibrillation, hemodynamic stabilization, etc). Similar principles should be 
used by the physician when attempting to prevent out-of-hospital SCD. 


RISK STRATIFICATION High risk groups with established coronary 
heart disease include postinfarction patients during the first year after hospi- 
tal discharge, patients with persistent angina pectoris (particularly those 
with an unstable pattern), and individuals resuscitated from out-of-hospital 
cardiac arrest. Further subsets of risk can be identified with activity evalu- 
ation testing (those with reduced functional performance on treadmill), 
Holter monitoring (complex VPBs), and radionuclide cineangiography (de- 
creased ejection fraction, dyskinetic wall motion). Low risk groups free of 
complex ventricular rhythms and with good performance and cardiac func- 
tion can be eliminated from prophylactic therapies since their mortality rate 
is remarkably low over extended periods of time (36). 


PROPHYLACTIC AND THERAPEUTIC MEASURES Specific interven- 
tions should be initiated according to the risk mechanisms most likely to 
be operative in the individual patient. Multiple risk factor interventions are 
usually required because of the complex interplay of diverse pathophysi- 
ologic mechanisms that result in SCD in patients with extensive coronary 
disease. 


Pharmacologic interventions Although postinfarction trials with beta 
blockers (practolol, alprenolol) have shown promising results in reducing 
posthospital mortality (37, 38), a recent propranolol trial in England failed 
to confirm the earlier studies (39), Current physiologic recommendations 
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are (a) propranolol therapy for patients with manifest myocardial ischemia 
(angina pectoris, ST and T wave abnormalities with exercise testing); (b) 
afterload-reducing drugs for patients with significant left ventricular dys- 
function (pulmonary congestion, poor activity performance, significantly 
reduced ejection fraction); and (c) full-dose therapy with antiarrhythmic 
agents in patients with complex, life-threatening, malignant-type ventricu- 
lar rhythms. These pharmacologic interventions should be applied for lim- 
ited periods during the intervals of enhanced risk (usually the first 6 to 12 
months after the coronary event). 


Surgical interventions Coronary artery bypass surgery has produced a 
significant reduction in cardiac mortality in symptomatic patients with left 
main coronary stenosis and possibly in those with trivessel coronary disease. 
Various surgical therapies including interruption of the myocardial reentry 
circuit, sympathectomy, stellate ganglionectomy, and pacemakers have 
proven efficacious for rhythm stabilization in selected patients with recur- 
rent malignant ventricular arrhythmias unresponsive to conventional drug 
therapy. An innovative approach utilizing a newly developed implanted 
demand ventricular defibrillator is currently being tested (40). Such a device 
would have particular applicability in high risk patients with recurrent 
ventricular defibrillation. 


SUMMARY 


The most common cause of SCD is coronary heart disease. Epidemiologic 
and pathologic studies have demonstrated the presence of chronic myocar- 
dial damage and extensive multivessel coronary disease as the substrate for 
SCD in ASHD. Instantaneous coronary death is an electrical event and not 
the result of acute coronary thrombosis. Patients resuscitated from out-of- 
hospital cardiac arrest who do not evolve acute myocardial infarction are 
at a greater risk of subsequent SCD than are infarctive patients. In studies 
of the posthospital phase of myocardial infarction, there are no predictive 
clinical variables that distinguish between sudden and non-sudden cardiac 
death. Current investigations suggest that activation of the sympathetic 
nervous system and the neurogenic release of catecholamines are important 
triggering factors in the genesis of arrhythmic SCD. Reduction in the 
occurrence of SCD will require community (mobile resuscitation units), 
public health (control of primary risk factors), and physician-initiated (anti- 
arrhythmic therapy) measures. 
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Most of us are well aware of the many studies showing that segregated 
groups of people who live with meager intakes of salt usually maintain 
entirely normal blood pressures throughout their lives (1-4). At the other 
extreme, populations in which salt intake is greater than the norm have an 
especially high incidence of hypertension (5, 6). One of the most graphic 
examples of relationships between salt intake and blood pressure was 
recorded by Prior and his colleagues (1, 2): the natives living on the island 
of Pukapuka and some other Pacific islands have a daily salt intake many 
times less than that of persons living in the Western culture, and their 
arterial pressures do not increase as they age. Yet, many of these natives 
have migrated to New Zealand and have taken up the cultural and dietary 
habits of the European New Zealanders. Subsequently, these migrants expe- 
rience an incidence of increasing arterial pressure similar to that in the other 
new Zealanders of different racial stock. 


SHORT-TERM SALT LOADING 
AND HYPERTENSION 


It is common experience that a person can eat tremendous amounts of salt 
for a few days or even a few weeks at a time without experiencing a 
significant rise in arterial pressure; or he can go for weeks with almost no 
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salt intake, also without a significant change in pressure. These effects have 
been quantitated in the past few years by Langston et al (7), Douglas et al 
(8), Coleman & Guyton (9), DeClue et al (10), and Manning et al (11). The 
curve labeled “CHRONIC” in Figure 1 illustrates an average drawn from 
data in these studies, and shows the relationship of arterial pressure to 
urinary sodium output when the sodium intake is increased progressively 
over a period of two weeks from about 0.2 of normal up to 8 times normal. 
Note that the arterial pressure hardly changes, though the sodium output 
from the kidneys increases markedly. This curve is called a long-term renal 
function curve: Xt illustrates that, whatever the intake load of sodium within 
very wide limits, the kidney can excrete the salt load with very slight change 
in arterial pressure. Similar quantitative studies in human beings (12) show 
that the arterial pressure in the normal person changes an average of only 
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Figure ] The normal acute and chronic renal function curves, illustrating the relationship 
between arterial pressure and urinary sodium output. The dashed arrows illustrate the direc- 
tional shift of the acute curve toward the chronic curve caused by renin and aldosterone. The 
renin values are expressed in relative units with 1.0 equal to the normal value. 


SALT BALANCE AND BLOOD PRESSURE 17 


17 mm Hg when the salt intake is varied between 0.1 of normal salt intake 
and 10 times normal intake, a range of 100-fold. 

This relationship between arterial pressure and urinary sodium output is 
very important in understanding the relationship between salt load and 
blood pressure. Thus we need to examine the physiological causes for the 
extremely steep relationship between pressure and sodium output as illus- 
trated by the chronic renal function curve of Figure 1. The curve in Figure 
i that is labeled “ACUTE” will help explain this. This curve shows the 
relationship between arterial pressure and sodium output found in acute 
laboratory experiments in which the kidney is perfused with blood and the 
arterial pressure is changed through a range of values (13-15). One can 
readily see the marked difference between the two curves. But the condi- 
tions of the two experiments also are markedly different. For the acute 
curve, the arterial pressure was increased over a period of a few minutes to 
an hour or more. For the chronic curve, the salt intake was increased 
progressively over a period of several weeks; this caused a slight rise in 
arterial pressure but it also caused other physiological changes. For in- 
stance, it is well known that increasing the sodium intake decreases both 
renin and aldosterone secretion, while decreasing the sodium intake has the 
opposite effects. DeClue and his associates (10) and Young and his asso- 
ciates (16, 17) demonstrated the effects illustrated by the two dashed arrows 
in Figure 1: the decreased renin and aldosterone secretion at high salt 
intakes shifts the top of the renal function curve toward the left, and the 
increased renin and aldosterone secretion at low salt intakes shifts the 
bottom of the renal function curve toward the right. In support of these 
findings, note the relative renin values at different levels of the chronic renal 
function curve as recorded by DeClue et al (10), illustrating marked reduc- 
tion of renin secretion at high sodium level and marked increase in renin 
at low sodium level. Quantitatively, these effects of renin and aldosterone 
can account for almost half of the total change from the sloping acute curve 
to the very steep chronic renal function curve. Other factors that may also 
play roles in this effect are long-term intrarenal hemodynamic changes and 
natriuretic factors, but the quantitative importance of both of these is yet 
to be established. 

Because of the widely heralded ability of renin to increase the rate of 
aldosterone secretion, it is tempting to ascribe the steepening of the renal 
function curve by both renin and aldosterone entirely to changes in aldost- 
erone, with the renin-angiotensin system functioning by changing the rate 
of aldosterone secretion. However, many different studies in which the 
aldosterone factor has been controlled show that angiotensin very potently 
and directly causes the kidneys to retain sodium (18~20); angiotensin block- 
ade causes markedly increased excretion of sodium (21, 22). In fact, the 
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quantitative results of all these studies suggest that the direct effect of 
angiotensin on the kidneys is several times as potent as the direct effect of 
aldosterone to cause sodium retention. Therefore, there is accumulating 
evidence that this direct action of angiotensin on the kidneys is the major 
mechanism for sodium conservation rather than the effect of the aldoster- 
one. 

In summary, because the kidney can excrete extreme amounts of salt with 
very little rise in arterial pressure, massive salt loading in normal animals 
and normal humans does not cause hypertension. 


Hemodynamics 


By the term “short-term salt-loading hypertension” we mean hypertension 
that occurs in a matter of days following buildup of excess sodium in the 
body. Then, when the excess sodium is removed, arterial pressure returns 
to its normal level within another few days. It is not possible to cause such 
hypertension in most normal animals by acutely loading them with large 
excesses of salt, but it can be achieved by a combination of salt loading and 
almost any maneuver that inhibits the kidney’s ability to excrete salt—for 
instance, removing kidney mass. 

Figure 2 illustrates the circulatory hemodynamic changes that lead to 
hypertension at the onset of chronic salt loading. It is a composite diagram 
from experiments by Langston et al (7), Douglas et al (8), Coleman & 
Guyton (9), and Manning et al (11), in which approximately 70% of the 
kidney mass was first removed and then the animal’s daily salt intake was 
increased to approximately five times normal. The sequential changes were 
the following: 

The extracellular fluid volume, blood volume, mean circulatory filling 
pressure, pressure gradient for venous return, and cardiac output all in- 
creased 20-60% during the first few days, but after about two weeks all of 
these had returned to almost normal, with the exception of the mean 
circulatory filling pressure, which remained 20% above normal. The “mean 
circulatory filling pressure” is the pressure measured in the entire circula- 
tory system when the heart stops pumping and the pressures everwhere in 
the circulation are allowed to equalize. Thus, the mean circulatory filling 
pressure is a measure of how tightly the circulatory system is filled with 
blood. And the “pressure gradient for venous return” is the difference 
between the mean circulatory filling pressure and the right atrial pressure; 
this difference is a measure of the driving force that causes return of blood 
from the peripheral circulation to the heart. 

The total peripheral resistance actually decreased during the first few 
days of salt loading, decreasing to about 20% below normal at the end of 
the first day but then rising to 38% above normal after about two weeks. 
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Figure2 Sequential changes in the important cardiovascular hemodynamic variables in the 
first few weeks following the onset of short-term salt-loading hypertension. Note especially that 
the arterial pressure rises ahead of the increase in total peripheral resistance. (Preprintėd from 
Guyton, A. C. 1980. Arterial Pressure Control and Hypertension, Philadelphia: Saunders. In 
press.) 


20 GUYTON ET AL 


The arterial pressure rose progressively for the first several days and at 
the end of a week or so leveled out at a new plateau level about 45% above 
normal. 

Now, let us examine these hemodynamic changes. Five of the factors 
were all related to the increased fluid volume of the body—the extracellular 
fluid volume, the blood volume, the mean circulatory filling pressure, the 
pressure gradient for venous return, and the cardiac output. These were 
transiently but very significantly increased during the first few days of 
excess salt. It was during these same first few days that the arterial pressure 
rose most rapidly. However, by the time the arterial pressure had estab- 
lished its steady-state elevated level, all of the factors related to increased 
volume had returned almost to normal. In fact, none of the factors, with 
the possible exception of the mean circulatory filling pressure, could reliably 
be measured as abnormal by that time. Thus, here is an instance of true 
volume-loading hypertension, and yet once the steady state had been 
reached it was almost impossible to demonstrate that the volume itself, or 
other factors directly related to it, had actually increased. 

Note that the total peripheral resistance decreased during the first few 
days of excess salt intake. It was during this time that most of the arterial 
pressure increase occurred. Therefore, the total peripheral resistance not 
only did not contribute to the rise in arterial pressure, it actually inhibited 
the pressure rise. Once the arterial pressure had reached its hypertensive 
level, the total peripheral resistance, almost as an afterthought, then in- 
creased progressively nearly as much as the arterial pressure had increased. 
During the course of this increase in total peripheral resistance, all of the 
volume factors returned nearly to normal. 

There are many reasons to believe that the changes in total peripheral 
resistance recorded in Figure 2 were caused in the following manner: The 
initial decrease in total peripheral resistance was almost certainly caused by 
the baroreceptor reflex that caused peripheral vasodilatation. But the sec- 
ondary increase in total peripheral resistance is attributed to the autoregula- 
tion mechanism (23, 34). This is the effect of excess blood flow through 
tissues to cause a progressive increase in local vascular resistance until the 
flow returns nearly to normal. The increase in resistance in all parts of the 
body in turn decreases the cardiac output back toward normal. But it also 
increases the total peripheral resistance. As shown in Figure 2, this increase 
in resistance is very marked, increasing almost as much as the increase in 
arterial pressure—but the increase in resistance follows the increase in 
pressure; it does not precede it. 

Therefore, by the time short-term salt-loading hypertension reaches 
steady state (in only a few weeks), it is a high resistance hypertension, not 
a high cardiac output hypertension, even though its initiating cause was 
high volume and high cardiac output. 
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The Volume Factor 

We have already alluded to the very small increases in extracellular fuid 
volume and blood volume found during the steady-state stage of short-term 
salt-loading hypertension. Because of this finding, confirmed by many oth- 
ers, it has often been argued that the hypertension in salt-loading states 
could not be caused by an increase in volume. However, there are several 
reasons for believing this is not a reasonable conclusion. First, as illustrated 
in Figure 2, the hypertension initially developed when there were definite 
increases in both extracellular fluid volume and blood volume, and also 
increases in all the other hemodynamic factors related to excess volume. 
Thus, the hypertension became established even before the total peripheral 
resistance rose. Second, if the autoregulation 1s even reasonably powerful, 
a steady-state increase in cardiac output of as little as 5% could easily 
increase the total peripheral resistance 38% as illustrated in Figure 2. This 
would require an autoregulation feedback “gain” of approximately 7, a 
value that has actually been measured under some conditions in animals 
during the course of whole-body autoregulation experiments (25, 26). 
Third, several different experiments have examined whether or not excess 
body salt can cause hypertension in the absence of increased volume. For 
instance, Norman et al (27) increased the extracellular fluid sodium concen- 
tration approximately 20% but at the same time used a combination of 
hemodialysis and water restriction to keep the extracellular fluid volume 
from increasing. They found no significant increase in arterial pressure. 
When they allowed the animals to drink sufficient water, the extracellular 
fluid volume expanded immediately, and hypertension developed in the next 
few days. In another series of experiments, Manning et al (28) used a 
combination of decreased kidney mass, infusion of ADH, and infusion of 
fluid (a) to reduce the sodium concentration in the plasma of dogs to 
approximately 125 mEq per liter, and (b) to increase the blood’ volume 
above normal. Despite the very low sodium concentration, hypertension 
still developed during the high volume state. 

Thus, all of the experimental evidence thus far indicates that salt causes 
hypertension not because of a direct effect of the salt itself on the circulation 
but because of its propensity to increase the extracellular fluid and blood 
volumes. 


The Kidney Factor 


It must be reemphasized that salt loading alone will not cause short-term 
salt-loading hypertension. This requires a kidney factor as well, because, as 
has already been discussed, normal kidneys will simply excrete the excess 
salt with very little rise in pressure. But several different types of abnormal 
renal function can provide this required kidney factor. Figure 3 graphically 
illustrates the roles played by three different kidney abnormalities, and 
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displays the normal renal function curve, which is the same as the normal 
curve shown in Figure 1, for comparison. The three abnormal renal func- 
tion curves represent (a) chronic infusion of aldosterone into a dog at a rate 
of 100 g/day (J. DeClue and A. C. Guyton, unpublished observations); 
(b) chronic infusion of angiotensin into a dog at 5 ng/kg/min (10); and 
(c) chronic reduction of the kidney mass of a dog to 30% of normal [drawn 
from data in (8) and (9)]. 

Also shown in Figure 3 are two levels of sodium intake: normal and five 
times normal. In the steady state, the urinary output of sodium must exactly 
equal the daily sodium intake. Therefore, the points at which the sodium 
intake levels cross the respective curves dictate the pressure levels at which 
the long-term steady-state arterial pressure will stabilize in each set of 
conditions. Note that when the sodium intake is normal, even the abnormal 
renal function curves cross the intake level at pressures no greater than 114 
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Figure 3 This figure shows the normal renal function curve and three abnormal renal 
function curves caused respectively by aldosterone infusion, angiotensin infusion, and decrease 
in kidney mass to 30% of normal. 
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mm Hg. Thus, the levels of aldosterone and angiotensin infused in these 
experiments is not sufficient to cause significant hypertension so long as the 
sodium intake is normal. Also, 70% removal of kidney mass does not cause 
hypertension. 

When the sodium intake is increased, though this causes essentially no 
increase in blood pressure in the normal animal, nevertheless, in all the 
animals with the abnormal renal conditions the blood pressure rises to 
hypertensive levels 25-42 mm Hg above normal. 

In summary, the normal animal will not develop hypertension even with 
tremendous salt loads that last for several weeks. On the other hand, any 
abnormality of the kidneys that alters the renal function curve so that it 
slopes far to the right will create a salt-sensitive state in the animal so that 
hypertension will develop with high salt loads. That is, the kidney factor 
is essential for the development of short-term salt-loading hypertension. 


LONG-TERM SALT LOADING 
AND HYPERTENSION 


We now consider the crucial question, what causes long-term salt-loading 
hypertension? We have presented the details of the much better understood 
short-term salt-loading hypertension as a basis for discussing this problem. 
Because one can almost never show evidence of excess fluid volume or 
increased cardiac output in long-term salt-loading hypertension, most re- 
search workers have sought evidence that the salt directly increases the total 
peripheral resistance (29). However, we have already seen that within a few 
weeks after the onset of short-term salt-loading hypertension, one cannot 
reliably measure any increased body fluid volume or cardiac output. Even 
so, all the evidence still indicates that this type of hypertension initially 
arises from excess fluid volume, and that in the chronic stage the autoregu- 
lation mechanism causes the fluid volumes and cardiac output to return to 
normal and the total peripheral resistance to increase. Thus, the increase 
in total peripheral resistance is secondary to the hypertension, not its pri- 
mary cause. 

However, there is an even stronger reason for believing that long-term 
salt-loading hypertension does not result from any direct effect of salt to 
cause a primary increase in total peripheral resistance: Other factors that 
do cause primary changes in the long-term level of total peripheral resis- 
tance do not alter the arterial pressure. For instance, in patients with very 
large A-V fistulas, closing these fistulas does not raise the pressure signifi- 
cantly, even though the total peripheral resistance is often increased more 
than 100% (30). Also, in patients with all four limbs removed, the arterial 
pressure still remains normal. Conversely, in beriberi, hyperthyroidism, and 
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anemia, in all of which the total peripheral resistance is markedly decreased, 
the arterial pressure does not fall below normal as long as the heart does 


not fail. 


The Kidney Factor 

Since long-term salt-loading hypertension cannot be ascribed to a primary 
increase in total peripheral resistance, we must look elsewhere. Short-term 
salt-loading hypertension cannot occur without a kidney abnormality to 
cause salt retention. But, as a mental exercise, let us consider for a moment 
what would happen if kidney function were entirely normal and hyperten- 
sion did occur because of some factor that is not kidney related. Referring 
to the normal chronic renal function curve shown in Figures 1, 3, and 4, 
one can see that the elevated pressure would immediately trigger extreme 
excess of sodium output. This would continue until the blood pressure fell 
to a point where it would lie on the normal renal function curve. Thus, 
hypertension caused by any factor that does not cause a simultaneous 
change in kidney function will be self-correcting. This logic implies that the 
kidney must become a salt-retaining organ; otherwise the state of long-term 
salt-loading hypertension cannot occur. This is illustrated in Figure 4, 
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Figure¢ Postulated shift of the renal function curve from normal pressure levels to hyperten- 
sive levels. 
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which shows the normal renal function curve and two hypertensive renal 
function curves, one for salt-insensitive hypertension and the other for 
salt-sensitive hypertension. Similar salt-sensitive and salt-insensitive curves 
have been recorded by Bartter and bis colleagues in diferent patients with 
essential hypertension (31). The other evidence presented thus far in this 
paper suggests that such curves also occur in pore with long-term salt- 
loading hypertension. 

Yet, what is it about long-term salt loading that can cause the renal 
function curve to become a hypertensive type of curve rather than the 
normal curve? This question cannot be answered at present. However, bits 
of evidence suggest that excess salt intake over months and years causes 
actual damage to the kidneys that eventuates in the hypertensive types of 
renal function curve. This was convincingly demonstrated by Dahl and his 
colleagues (32-34) in a genetic strain. of rats whose kidneys were susceptible 
to damage when they ingested excessive amounts of salt. The rats developed 
permanent hypertension that remained even when the salt load was reduced 
to normal. Meneely et al (35, 36), Barsanto et al (37), Mann et al (38), and 
others have all shown that excess salt loading also accelerates the develop- 
ment of hypertension in other strains of rats and that the hypertension will 
only partially abate when the excess salt intake is stopped. In many of these 
studies, actual pathologic lesions have been demonstrated in the kidney 
tissue. 

In-summary, it is likely that long-term salt-loading hypertension cannot 
occur without the development of a kidney abnormality. And there have 
also been experimental demonstrations that excessive salt-loading can, un- 
der appropriate conditions, cause’ permanent changes in renal function, 
even to the extent of causing intrarenal lesions. Therefore, it would also be 
logical to believe that the long-term development of elevated blood pressure 
in persons -who ingest increased amounts of salt probably results from 
progressive pathological change in the kidneys themselves. 
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Hemoglobin (Hb) Arc is a minor red cell constituent that comprises 5% of 
the total Hb in normal individuals but up to 15% in patients with diabetes 
mellitus (1). It may be assayed by ion exchange chromatography (1-3), 
isoelectric focusing (4), radioimmunoassay (5), or colorimetry (6). Current 
data suggest that the quality of diabetic control can best be assessed by 
monitoring Hb Aj, levels, and that the synthesis of Hb Aj, may represent 
a unifying model reaction that underlies the pathogenesis of many of the 
sequelae of chronic diabetes. This review summarizes the biochemical and 
clinical implications of Hb A,,. 


STRUCTURE AND BIOSYNTHESIS 


Hemoglobin Ar, and the major adult hemoglobin, Hb A, have identical 
amino acid sequences (7). The unique structural feature of Hb Aye is the 
presence of 1-deoxy fructose linked through carbon number 1 to the NH,- 
terminus of the 8 chain (8, 9). This apparently derives nonenzymatically 
from glucose forming a Schiff base with the NH>-terminal valine and subse- 
quently undergoing an Amadori rearrangement (10). [For a review of 
whether glucose-6-phosphate may be the reacting molecule in Hb A,, for- 
mation, see (11)]. 

The biosynthesis of Hb Ar, has been iena inșwild-type and dia- 
betic mice (12) as well as in nondiabetic humans ( JNR Thn: n: both species Hb 
Ay, is synthesized at a slow rate in a nearly irreve sible fashion throughout 
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the life of the mature erythrocyte. Since erythrocytes are not capable of 
protein synthesis, this continual Hb Ar, formation must result from post- 
synthetic glycosylation of already existing Hb A. Furthermore, when red 
cells from wild-type mice were injected into diabetic recipients, their rate 
of Hb Ajr: synthesis increased 2.7-fold. 

As these studies would predict, older red cells contain the most Hb Ay 
(14), and patients with hemolytic anemias have decreased Hb Aj, levels 
(13). A steady-state level of Hb Aj, is achieved through the replacement of 
old red cells laden with Hb Ay; by young erythrocytes relatively poor in the 
Hb. The actual Hb A;, concentration is a function of red cell half-life and 
rate of Hb A;, synthesis, which in turn is determined by the blood glucose 
concentration. 


CARBOHYDRATE CONTROL 


Hemoglobin Ar, is synthesized in a slow, nearly irreversible reaction 
throughout the life of the red cell; the rate of synthesis is a function of blood 
glucose concentration. A severely hyperglycemic subject should therefore 
have a very high Hb Ar concentration. If one abruptly lowered that sub- 
ject’s blood glucose level, the rate of Hb A;, synthesis would also fall 
abruptly. However, the peripheral blood level of Hb Aj, would not show 
an immediate decrease, because erythrocytes that had already synthesized 
large amounts of Hb Ay, would remain in the circulation until their 120-day 
lifespans expired. Thus, a single Hb A;, measurement should reflect a 
patient’s mean blood glucose concentration over the previous two to three 
months. This hypothesis has been substantiated by the following investiga- 
tions. 

In newly diabetic mice, Hb Aye levels do not increase until hyperglycemia 
has been present for three weeks (12). In human diabetics, Hb Ay, shows 
a weak but significant correlation with fasting blood sugar and a stronger 
correlation with response to an oral glucose tolerance test (15). 

When a group of poorly controlled diabetics were hospitalized to achieve 
strict carbohydrate control (16), the decrease in Hb Ars lagged three weeks 
behind the institution of rigid carbohydrate control. An excellent correla- 
tion was obtained between Hb Ar, and estimated mean daily blood sugar 
levels both prior to and during strict control. 

In a study of insulin-dependent diabetics (17), Hb Aje was found to 
correlate with the mean urinary glucose for the preceding eight weeks, but 
not with occasional checks of fasting or postprandial blood sugar. This 
implies that the level of this Hb correlates with long-term, rather than spot 
checks of, diabetic control. A correlation has also been reported (18) be- 
tween Hb A,, and urinary glucose measured several times over the previous 
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three months. Similar data have been obtained by other investigators (19, 
20). 

In a study of diabetic pregnancies (21), third trimester maternal Hb 
Ays was shown to correlate with infant birth weight. Since Hb Ay, levels 
should remain elevated for weeks following recovery from gestational dia- 
betes, mothers of large-for-dates babies or babies with birth defects could 
be screened postpartum for gestational diabetes. 

Recent preliminary data (22) suggest the formation of Hb Ay, may be 
more reversible than initially thought. Whether or not this will be signifi- 
cant enough to influence the time span over which Hb Ays integrates blood 
glucose levels has yet to be determined. 

In summary, a single Hb Ay, measurement reflects the patient’s mean 
blood sugar concentration for the preceding weeks to months. Infrequent 
quantification of Hb Ay. on an outpatient basis can give an objective, 
accurate assessment of long-term diabetic control. In addition, Hb Ar 
measured serially over time in a prospective fashion can be used to define 
the role of hyperglycemia in the development of the sequelae of chronic 
diabetes. 


COMPLICATIONS OF DIABETES 


The synthesis of Hb Ay, also may represent a model reaction to explain the 
biochemical basis for many of the long-term sequelae of diabetes. The 
tissues that suffer the most noticeable dysfunctions in diabetes (e.g. retina, 
lens, peripheral nerve, kidney) appear to be insulin independent for glucose 
uptake (23). Perhaps in diabetes the intracellular proteins of these tissues 
undergo excess nonenzymatic glycosylation, analogous to that seen within 
red cells. Such glycosylation might alter the enzymatic activity, solubility, 
antigenicity, or other function of the protein and thereby result in the 
observed clinical dysfunction. It should be noted that although the glycosy- 
lation of hemoglobin results in a slightly increased oxygen affinity (24), this 
is not likely to be clinically significant since mutant hemoglobins with much 
greater oxygen aflinities are not associated with clinical disease (25). 

The role of nonenzymatic glycosylation in diabetic cataract formation is 
currently being investigated (26). Bovine and rat lens proteins undergo 
nonenzymatic glycosylation of lysine € amino groups in the presence of a 
high glucose environment. This glycosylation imparts to the proteins an 
increased susceptibility to form high molecular weight aggregates, which 
are large enough to diffract light and result in opacities. The accumulation 
of sorbitol has also been proposed as a mechanism of diabetic cataractogene- 
sis (27), and the relative roles of these two mechanisms are currently un- 
clear. 
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The serum proteins albumin (28) and insulin (29) also undergo nonen- 
zymatic glycosylation of lysine € amino groups. Whether or not these 
modifications have biological importance remains to be determined. 

Cyanate is an experimental antisickling agent that forms covalent bonds 
with amino groups, including the NH,-termini of hemoglobin chains. Thus, 
cyanate modifies by carbamylation the same sites that glucose modifies by 
nonenzymatic glycosylation. The primary toxicities of chronic cyanate in- 
gestion are peripheral neuropathy (30) and cataracts (31), which are histo- 
logically similar to the respective lesions seen in diabetes. The 
cyanate-induced lesions are potentially reversible (31, 32), which implies 
that the lesions of diabetes may be reversible or at least controllable if 
euglycemia can be achieved. The rate of reversibility would be a function 
of protein turnover. In addition, nonenzymatic glycosylation may be some- 
what reversible, allowing the glyco groups to elute slowly from proteins 
with long biological half-lives. Indeed, certain sequelae of diabetes, e.g. 
platelet hyperaggregability, are reversed when carbohydrate is rigidly con- 
trolled (33). 

Nonenzymatic glycosylation is not unique to the diabetic state; rather, 
the higher the blood sugar level the faster the reaction. Thus, the complica- 
tions seen in diabetes might be expected to develop in the general popula- 
tion, albeit at a slower rate. Senile cataracts, for example, might also be due 
to nonenzymatic glycosylation. In this sense, diabetes would represent pre- 
mature aging. 


SUMMARY 


Hemoglobin Aş, is produced when glucose reacts nonenzymatically with 
the NH,-termini of Hb A 8 chains and then undergoes an Amadori rear- 
rangement. The concentration of Hb A;, measured at any given time reflects 
a patient’s mean blood glucose level for the preceding weeks to months. 
Infrequent measurements of Hb Az, can therefore be used to assess long- 
term carbohydrate control in outpatient diabetics. In addition, the synthesis 
of Hb Aj: may represent a model reaction to explain the pathogenesis of 
many of the sequelae of chronic diabetes. Nonenzymatic glycosylation reac- 
tions may also underlie some of the changes ascribed to normal aging. 


NOTE ADDED IN PROOF Hemoglobin A also undergoes nonenzymatic 

glycosylation at its-a chain NH)-termini and lysine € amino groups (34). 

These glycosylated species, as well as Hb Ap, are present in elevated 
concentrations in diabetic patients (35). 
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INTRODUCTION 


Under normal conditions the renal regulation of acid excretion is closely 
coupled to hydrogen ion intake, so that plasma bicarbonate concentration 
is maintained at stable levels despite wide variations in dietary acid inges- 
tion. With larger hydrogen ion loads resulting from altered intake or pro- 
duction, or with abnormalities in CO, elimination by the lungs (respiratory 
acid-base disorders), renal acid excretion responds in a fashion that tends 
to defend the maintenance of a normal systemic pH. 

The renal regulation of hydrogen ion homeostasis can be viewed in terms 
of two distinct, yet intimately linked, processes—hydrogen ion (acid) excre- 
tion and secretion. Acid excretion provides a renal mechanism to modify 
the body alkali stores. Quantitatively, acid excretion is equivalent to the 
sum of urinary titratable acid and ammonium, minus the bicarbonate lost 
in the urine. Hydrogen ion secretion includes the quantity of filtered bicar- 
bonate reabsorbed by the nephron in addition to the amount of acid ex- 
creted. Functionally, it determines the plasma bicarbonate concentration 
that can be sustained. Under normal conditions more than 98% of hydro- 
gen ion secretion is expended in bicarbonate reabsorption, with only a 
minor fraction accounting for acid excretion. Despite this quantitative dis- 
crepancy between secretion and excretion, the processes are integrated so 
that acid excretion can be meticulously controlled. 

This review concentrates specifically on the regulation of acid excretion. 
The renal tubular events that may modify hydrogen ion excretion and the 
signal(s) that feeds back to control renal acid excretion are considered. In 
addition, a model for the regulation of acid excretion is speculated upon. 
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HYDROGEN ION SECRETION BY THE NEPHRON 


In order to focus on the specific tubular events that might be crucial for the 
regulation of acid excretion, current concepts regarding hydrogen ion secre- 
tion and excretion by the nephron are summarized briefly. This topic has 
been the subject of several excellent reviews (1-6) including a recent suc- 
cinct discussion in this publication (7). 


Renal Tubule 


The specific events at a tubular level concerned with hydrogen ion excretion 
have been elucidated by micropuncture experiments in the intact animal 
(largely rats and dogs) (1, 3, 4, 6, 8) and by in vitro perfusion of isolated 
segments of rabbit nephron (9-16). Micropuncture has provided data from 
the accessible portions of the superficial cortical nephrons of. anesthetized 
animals, while perfusion experiments have supplemented these findings and 
also provided information regarding tubular segments inaccessible to mi- 
cropuncture in vivo. By utilizing these observations, a tentative scheme can 
be proposed for hydrogen ion handling along the nephron. 
Approximately 80% of filtered bicarbonate is reabsorbed by the last 
portion of the superficial proximal convoluted tubule accessible to mi- 
cropuncture. Recent evidence, which indicates that proximal tubular.bicar- 
bonate reabsorption can be completely eradicated by carbonic anhydrase 
inhibition (10, 11, 17), suggests that this process is entirely dependent on 
the enzyme carbonic anhydrase. Cellular carbonic anhydrase provides hy- 
drogen ions for secretion by catalyzing their formation from CO; enzyme 
present on the luminal border minimizes the decrease in tubular fluid pH 
by accelerating the conversion of carbonic acid to CO, and H,O. The 
activity of the enzyme at both these sites appears to be crucial for normal 
bicarbonate reabsorption by the proximal convoluted tubule (18). However, 
carbonic anhydrase is present in vast excess, so its activity is unlikely to be 
rate limiting for hydrogen ion secretion under normal circumstances (17). 
The virtually complete inhibition of bicarbonate reabsorption by carbonic 
anhydrase inhibition supports the contention that bicarbonate reabsorption 
by the proximal tubule is not direct; rather it is largely the result of hydro- 
gen ion secretion. The evidence for the actual presence of hydrogen ion 
secretion is primarily the demonstration of a “disequilibrium pH” under 
conditions of: carbonic anhydrase inhibition (19, 20).! This suggests that 
carbonic acid has accumulated in the tubular fluid, as a result of the reaction 


1A “disequilibrium pH” refers to a lower pH of tubular fluid in situ than in fluid removed 
from the tubule and equilibrated to a similar pCO}. It implies that the dehydration of car- 
bonic acid to CO, does not achieve equilibrium in situ, i.e. there is excess H,CO, in relation 
to CO,. : : 
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between secreted hydrogen ion and bicarbonate. However, the demonstra- 
tion of a disequilibrium pH was based on the assumption that the tubular 
fluid pCO, was approximately 40 mm Hg. In view of the recent measure- 
ments demonstrating that the pCO, in both tubular fluid and peritubular 
capillary blood is substantially greater than arterial pCO, (i.e. 40 mm Hg), 
this issue requires reexamination (21). 

Tubular fluid bicarbonate concentration is approximately equivalent in 
the early distal tubule and the last accessible portion of the proximal con- 
voluted tubule. Since water is extracted between these two sites, bicarbonate 
is also reabsorbed, presumably in the straight proximal tubule. With in vitro 
perfusion, this segment, but not the thick ascending limb of Henle, can 
reabsorb bicarbonate (11, 15). 

Approximately 90% or more of filtered bicarbonate has been reabsorbed 
prior to reaching the early distal convoluted tubule, and a substantial 
portion of the remainder is reclaimed at this site. Furthermore heightened 
bicarbonate delivery results in increased reabsorption by the distal con- 
voluted tubule, which indicates that its reabsorptive capacity is unsaturated 
under normal conditions (1). Carbonic anhydrase is absent from the luminal 
border in the distal nephron; and it has been suggested that a disequilibrium 
pH occurs at this site (19, 20). However, for the reason noted previously 
this requires revalidation. The pH of tubular fluid in this segment can be 
in the low 6.0 range, therefore some titratable acid and ammonium can 
accumulate. 

Nevertheless, the ultimate site for the determination of net acid excretion 
is the collecting system.? In this portion of the nephron the remaining 
bicarbonate is reabsorbed, the steep pH gradients found in the final urine 
are generated, and titratable acid and ammonium accumulate in excess of 
bicarbonate. These actions account for the net acid excreted in the final 
urine. Recently it was shown that cortical collecting tubules taken from 
rabbits ingesting alkali are capable of secreting bicarbonate into the tubular 
fluid (13), and that turtle bladders (which resemble the mammalian collect- 
ing duct) also have a bicarbonate secretory mechanism (2, 22). Thus, the 
collecting system may serve as the final determinant for renal alkali as well 
as acid excretion. 


Anuran Membranes 


Potential insight into the mechanisms governing hydrogen ion transport by 
the mammalian collecting duct has been provided by studies of anuran 
membranes (2, 4, 5). These membranes resemble collecting duct epithelia 


Collecting system is used to refer to the cortical collecting tubules and the cortical and 
medullary collecting ducts. 
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phylogenetically and anatomically and also appear to be functionally simi- 
lar (2, 23). 

Both turtle and toad bladders actively transport hydrogen ion, and the 
rate of flux depends on the electrochemical gradient against which secretion 
proceeds. The maximal chemical gradient achievable is approximately 3.0 
pH units, i.e. a mucosal pH of 4.4 with a serosal pH of 7.4. With a gradient 
of this magnitude the hydrogen ion secretory flux rate is virtually nil, and 
there is little backflux of hydrogen ion from mucosa to serosa. Therefore 
under normal conditions backflux of hydrogen ion does not play a signifi- 
cant role in modifying net hydrogen ion secretion. If the mucosal pH is 
decreased to less than 4.4 by the addition of hydrogen ion, backflux in- 
creases; and it can occur at higher pH values when the membrane is patho- 
logically altered, as for example with amphotericin B (2). Elevation of the 
mucosal fluid pH above 4.4 results in a progressive increase in the rate of 
hydrogen ion secretion: Clearly hydrogen ion secretion depends on the 
transmural pH, or chemical, gradient. Similar pH dependence of hydrogen 
ion secretion has been demonstrated in proximal and distal convoluted 
tubules of the kidney, but the collecting system has not been investigated 
(24). 

The hydrogen ion secretory process is also dependent on the transepi- 
thelial electrical gradient (25, 26). Imposing a large mucosal positive gradi- 
ent can completely obliterate hydrogen ion secretion, while the rate of 
transport is stimulated by removing this opposing force and actually en- 
hanced by the presence of a negative potential (25, 26). Sodium transport 
is not directly coupled to hydrogen ion secretion in these epithelia, but it 
appears to be indirectly coupled by virtue of the transepithelial voltage (2, 
5, 25, 26). 

Of interest is the fact that aldosterone alters hydrogen ion transport by 
anuran membranes independent of its effects on sodium (27, 28). It in- 
creases the hydrogen ion secretory rate at any given electrochemical gradi- 
ent, but does not alter the maximal gradient against which hydrogen ion 
flux can proceed. Thus aldosterone alters the capacity (capacitance) of 
the hydrogen pump, but does not alter the maximal force (proton motive 
force). 


MECHANISMS FOR THE RENAL TUBULAR 
REGULATION OF ACID EXCRETION 


Assuming that these features of anuran urinary epithelia are applicable to 
the mammalian collecting system, it is possible to envision several ways in 
which acid excretion could be modified. 
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Effect of Bicarbonate Delivery to the Distal Nephron on Net 
Acid Excretion 


If the pump has a finite capacity for hydrogen ion secretion, the rate of 
bicarbonate delivery to the collecting system could dictate acid excretion. 
At high rates of bicarbonate delivery, hydrogen secretion will be utilized to 
reabsorb bicarbonate and net acid excretion will be minimized or ablated. 
Conversely, reduced bicarbonate delivery to the distal nephron resulting 
from a decrease in filtered load or an increase in proximal reabsorption 
could increase acid excretion. Micropuncture data indicate that bicarbonate 
concentration is decreased at the last accessible portion of the proximal 
convoluted tubule and in the distal convoluted tubule of acidotic rats (1). 
Thus a greater fraction of hydrogen ion secreted at distal sites can be 
utilized for net acid formation. This mechanism might facilitate increased 
net acid excretion, but its importance would depend upon whether the 
hydrogen ion secretory capacity of the collecting system is actually the 
rate-limiting event for net acid excretion with normal amounts of bicarbon- 
ate delivery. This crucial issue is currently unresolved. Nevertheless, with 
NaHCO; loading it seems likely that the bicarbonate delivery rates over- 
come the capacity of the distal nephron to secrete hydrogen ion, and ac- 
count, at least in part, for the alkali diuresis. 

Reabsorption of bicarbonate by the proximal tubule is enhanced by ex- 
tracellular fluid volume contraction, potassium depletion, and an increase 
in pCO,; it is diminished by volume expansion, hypocapnia, and para- 
thyroid hormone (8). If reduced delivery of bicarbonate to the distal neph- 
ron increases net acid excretion, this could explain the changes in net acid 
excretion seen under certain conditions with increased proximal bicarbon- 
ate reabsorption, as for example hypercapnia. 

When pCO, is elevated net acid excretion increases initially while plasma 
bicarbonate levels are rising, and returns to control rates after several days 
when a stable elevation of plasma bicarbonate is achieved (29). Hypercapnia 
increases bicarbonate reabsorption proximally, but its effects on the distal 
convoluted tubule are not clear (1, 20, 30, 31). Thus at the onset of hyper- 
capnia enhanced reabsorption at proximal sites may decrease distal delivery 
and increase net acid excretion. Subsequently when plasma bicarbonate 
concentration and the filtered load are elevated, distal bicarbonate deliv- 
ery may return to normal ablating the increase in net acid excretion ob- 
served in the early phase. However, it should be reemphasized that this 
sequence of events is predicated on an interplay between bicarbonate deliv- 
ery to the collecting system and net acid excretion, which is currently 
unproven. 
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Intrinsic Modification in Hydrogen Ion Pump 


Acid excretion could be modified by changing the intrinsic capacity of the 
hydrogen ion pump. This could occur by altering either the capacitance or 
proton motive force? of the pump; however, only the former change has 
been observed experimentally with isolated epithelia (2, 5). Furthermore a 
change in proton motive force seems unlikely, since there is no evidence to 
suggest that the maximal urine to blood pH gradient is enhanced in acidotic 
animals. 

Whether or not acidosis modifies the capacity of the pump in the collect- 
ing duct is unclear. Anuran membranes from acidotic animals appear to 
have an increased capacity to secrete hydrogen ion (32, 33). Isolated collect- 
ing tubules from rabbits pretreated with NH,C1 absorb bicarbonate, while 
those pretreated with NaHCO; secrete bicarbonate (13). Thus, in the rabbit 
there is some adaptive phenomenon in a hydrogen ion and/or bicarbonate 
secretory process. The implications in reference to the regulation of net acid 
excretion in other species are undefined. It is of interest, however, that the 
adaptive process appears to be exactly the opposite of the change found in 
the rat proximal convoluted tubule, where chronic acidosis suppresses net 
bicarbonate reabsorption (34). l 

As noted earlier aldosterone increases the capacitance of the hydrogen 
ion pump in anuran membranes via a direct sodium-independent process. 
In addition, studies in man and intact animals suggest that aldosterone 
secretion increases during acidosis (35, 36). Thus acidosis might modify 
hydrogen ion secretion, via an effect on the hydrogen ion pump mediated 
by an increase in aldosterone. Whether or not this mechanism plays a role 
in acid-base control has not been delineated. 


Buffer Availability: Modification of the pH (Chemical) 
Gradient 


The availability of nonbicarbonate buffer could influence the rate of hydro- 
gen ion excretion by modifying the pH gradient against which hydrogen ion 
is secreted. An increase in phosphate excretion, for example, can increase 
titratable excretion (37); however, there is no evidence that a persistent 
increase in phosphate excretion is an important mechanism for dealing with 
elimination of an acid load.* 

On the other hand, considerable evidence indicates that renal ammonia 
production is enhanced in acidosis (38). The increase in ammoniagenesis 
with chronic acidosis is well known, although the key biochemical events 


3An increase in proton motive force results not only in the ability to achieve a steeper 
electrochemical gradient, but also in increased hydrogen ion secretion at any given gradient. 
‘One exception might be the ingestion of an acid phosphate load. 
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mediating this change are still in dispute (38). Recent evidence from intact 
rats and dogs, and isolated perfused rat kidneys, indicates that ammonia 
production also increases promptly in response to both acute metabolic and 
respiratory acidosis (39-41). Thus a decrease in systemic pH, in some 
fashion acutely increases ammoniagenesis. In view of the dynamics of hy- 
drogen ion secretion in anuran membranes, increased availability of am- 
monia to buffer secreted hydrogen ions could promote increased net acid 
excretion. 


Alterations in the Electrical Gradient: 
Anions and Sodium Reabsorption 


Finally, acid excretion could be modified by influencing the transepithelial 
voltage gradient in the collecting duct. 

Since a fixed hydrogen ion is ingested with an anion, which ultimately 
is destined for excretion, a hydrogen load is associated with increased anion 
delivery to the collecting system. If the anion is poorly reabsorbable, it may 
play a role in potentiating hydrogen ion secretion by making the electrical 
gradient more favorable (42). In addition, acidosis decreases proximal 
sodium reabsorption, resulting in increased sodium delivery to the distal 
nephron (34). The impact of increased sodium reabsorption on hydrogen 
ion secretion by the collecting duct has not been clearly delineated, but 
experiments with anuran membranes raise the possibility that hydrogen ion 
secretion might be enhanced due to an altered electrical gradient. Observa- 
tions in the intact animal suggest that distal sodium delivery influences acid 
excretion (43). 

An increase in pCO, might also facilitate acid excretion by modifying the 
electrical gradient. It has been speculated that the primary effect of hyper- 
capnia is to diminish chloride reabsorption (43). If so, increased chloride 
delivery to the collecting duct could act in the same fashion as impermeant 
anions to stimulate hydrogen ion secretion. 


SIGNAL-INITIATING MODIFICATION OF RENAL 
ACID EXCRETION 


It is apparent from the foregoing discussion that the study of anuran mem- 
branes, and the application of micromethodology to intact kidneys and 
tubular segments, has done much to further our knowledge of hydrogen ion 
transport mechanisms and the role of different nephron segments. Although 
these data permit identification of potential control mechanisms, they do 
not provide information concerning what specifically signals the kidney to 
alter renal acid-excretion on a day-to-day basis, or how this message is 
translated into excretion of precisely the appropriate quantity of acid or 
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alkali to maintain acid-base homeostasis. Some answers to these questions 
are suggested by long-term experiments in conscious animals; however, the 
construction of an overall scheme for the regulation of acid excretion must 
still be speculative. 

It is generally tacitly assumed that systemic pH is the proximate event 
signaling the kidney to alter acid excretion, since acidosis increases and 
alkalosis diminishes acid excretion. In a recent provocative review Schwartz 
& Cohen (43) emphasized the substantial evidence suggesting that acid 
excretion by the kidney is not responsive to changes in systemic pH. 

For example, variations in normal dietary intake can result in renal 
excretion of either alkali or acid, without detectable changes in systemic pH. 
The changes in pH could be so small that they escape detection; but this 
would require an exquisitely sensitive mechanism for their recognition, 
which to date has not been uncovered. It is widely appreciated that, at 
comparable degrees of acidosis, substantially greater quantities of acid are 
excreted with metabolic than with respiratory acidosis. Obviously systemic 
pH alone cannot dictate the difference, nor is intracellular pH a likely 
candidate, since respiratory disorders appear to cause greater deviations in 
intracellular pH than metabolic abnormalities (44, 45). 

Finally, as demonstrated by Schwartz and co-workers the response to an 
acid load is highly dependent on the nature of the accompanying anion (46, 
47). Acid excretion is comparable in response to sulfuric and to hydro- 
chloric acid ingestion, but occurs at a higher plasma bicarbonate concentra- 
tion and pH with the sulfate anion (46). The independence of acid excretion 
from systemic pH is demonstrated even more strikingly when animals with 
metabolic alkalosis induced by chloride depletion ingest nitric acid. In this 
setting the acid load is excreted quantitatively despite the persistence of an 
alkaline systemic pH (47). These observations all suggest that acid excretion 
is regulated by factors other than systemic pH. It should be emphasized, 
however, that these findings cannot necessarily be interpreted as indicating 
that systemic pH has no influence whatsoever on acid excretion. I believe 
it may within the constraints of other regulatory factors as is discussed 
subsequently. 


SCHEME FOR REGULATION OF ACID EXCRETION 


If systemic pH does not exert sole control of acid excretion, what may be 
the underlying mechanism(s)? Crucial insight into this question is gained 
by an examination of the studies in both normal and alkalotic animals 
subjected to acid loads of varying anion composition. As indicated above, 
in the normal animal hydrogen ion accompanying sulfate is excreted more 
efficiently than hydrogen ion accompanying chloride; i.e. acid excretion is 
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comparable in steady-state conditions with both acid loads, but a higher 
plasma bicarbonate concentration and pH are maintained with sulfate (46). 
Similarly nitric acid is quantitatively excreted when administered to an 
alkalotic dog, but hydrochloric acid given to a similar animal results in 
sustained correction of the metabolic alkalosis (47). In both circumstances 
the different hydrogen excretory response can be explained based on the 
renal handling of the anions administered. Sulfate and nitrate are poorly 
reabsorbed by the renal tubule, and rapidly excreted in the urine. By con- 
trast chloride is partially retained by the normal dog and completely re- 
tained by the alkalotic animal until the alkalosis is corrected. These 
observations suggest that excretion of anion into the urine is one mechanism 
for regulating acid excretion. 

It is important to recognize, however, that anion leak alone does not 
dictate hydrogen ion excretion. If sulfate is substituted for chloride in the 
diet of a normal animal no significant change in net acid excretion or 
hydrogen ion homeostasis is observed (48). Rather the amount of anion in 
the urine sets a quantitative upper limit on the amount of acid that can be 
excreted. Within this limit, other mechanisms must exist to determine 
which cations, i.e. sodium, potassium, or hydrogen ion, will accompany the 
excreted anion. It could be pointed out that this is simply an obvious 
statement of the constraints of electroneutrality. However, by delineating 
an upper limit for hydrogen ion excretion, this provides a useful regulatory 
device, which reduces the need for an elegant hydrogen-ion-sensing mecha- 
nism. For example, the hydrogen ion in the daily diet is accompanied by 
anions that readily leak into the urine such as sulfate, phosphate, and 
organic acids. Thus recognition of minor changes in systemic hydrogen ion 
status may be unnecessary in order to deal with day-to-day fluctuations in 
acid intake. 

Given this premise concerning the influence of anions on hydrogen ion 
secretion, the manner in which cation excretion is partitioned must be 
confronted. What mechanisms relegate a portion of the cation package to 
sodium, potassium, or hydrogen ion? 

Although many questions related to the regulation of sodium excretion 
are still unanswered, it seems clear that the status of extracellular fluid 
(ECF) volume feeds back to appropriately regulate renal sodium excretion 
(49). Sodium handling is probably modulated at all sites along the nephron 
from the proximal tubule to collecting duct. The summation of these pro- 
cesses is the maintenance of sodium homeostasis such that chronic ingestion 
of Na,SO, results largely in NaSO; excretion (48), whereas ingestion of 
H,SQ, results largely in H,SO, excretion (46). 

It has been suggested that when filtered sodium is reclaimed at sites in 
the distal rather than proximal nephron that hydrogen ion excretion can be 
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promoted (43, 50-52). Expansion of ECF volume by vasopressin adminis- 
tration leads to increased acid excretion and correction of the acidosis in 
animals ingesting HC1 (49, 50, 52), and this effect is abolished in adrenalec- 
tomized animals (51). In this experimental setting the hypotonicity appears 
to override volume expansion and stimulates aldosterone secretion. The 
volume-expansion-mediated increase in sodium delivery to the distal neph- 
ron, which can avidly reabsorb sodium, is thought to account for the 
heightened acid excretion. However, the increase in distal sodium delivery 
is accompanied by an increase in distal chloride delivery; and an increase 
in anion excretion, in the form of chloride, accompanies the increase in acid 
excretion. Thus the interplay between anion excretion and sodium reabsorp- 
tion, appears to be an integral part of this phenomenon, and is one of the 
critical determinants of acid excretion. In this unique experimental setting, 
tonicity as well as volume appears to modulate sodium excretion. However, 
under most circumstances volume appears to predominate in determining 
whether or not sodium will be lost when anion excretion is promoted. 

As depicted in Figure 1, if it is assumed that the portion of anion excre- 
tion accompanied by sodium is dictated by the intricacies of the volume- 
sodium homeostasis mechanism, the remainder must be excreted with 
potassium and hydrogen ion. The final pertinent issue is, “What governs the 
amount of hydrogen ion and potassium excreted within the defined con- 
straints of the total anion excretion unaccompanied by sodium?” The exper- 
imental data available suggest that renal ammonia production may provide 
one important mechanism for regulating this partition between hydrogen 
ion and potassium. 

As noted earlier, ammonia production is regulated by hydrogen ion 
homeostasis (38). Recent experiments in intact animals and isolated per- 
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Figure I Scheme for the overall regulation of acid excretion. Anion excretion sets the 
quantitative upper limit for total cation excretion. Within this constraint, sodium excretion is 
controlled by volume-mediated regulatory mechanisms, and the partition between potassium 
and hydrogen ion excretion is modulated by renal ammonia production. 
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fused rat kidneys indicate that acute metabolic and respiratory acidosis 
stimulate and acute alkalosis depresses renal ammonia production. It is well 
recognized that chronic metabolic acidosis results in a sequence of renal 
metabolic adaptations that enhance renal ammonia production. However, 
the impact of chronic respiratory acidosis on renal ammonia production is 
not well defined (38). 

Furthermore, an increase in renal ammonia production stimulates acid 
excretion (53). The mechanism is presumably via buffering of hydrogen in 
the urine, maintenance of a more favorable gradient for hydrogen ion 
secretion, and therefore persistance of a higher hydrogen ion flux rate. Thus 
_ ammonia production provides one mechanism through which acid excre- 
tion can be altered in direct response to systemic pH. 

However, ammonia production can be modified by potassium as well as 
by pH (54). Potassium depletion, apparently even of minimal degree, stimu- 
lates renal ammonia production (55-57); ingestion of a high potassium diet, 
or potassium retention induced in other fashions, appears to diminish renal 
ammonia production (57—62). In addition, it appears that when ammonia 
production alters ammonium excretion it also modifies potassium excretion. 
An acute increase in ammonia production decreases potassium excretion in 
both humans and rats, and the event appears to be mediated by the collect- 
ing duct (53, 63). Thus a potassium deficit increases ammonia production, 
which in turn diminishes potassium excretion; a potassium surfeit may act 
in the opposite fashion. 

Therefore hydrogen ion and potassium homeostasis can both modulate 
ammonia production, which can determine, at least in part, the partition 
between hydrogen ion and potassium excretion. It is important to recognize 
that this ammonia-regulated interplay takes place within the constraints of 
anion excretion unaccompanied by sodium. Thus hyperkalemia may dimin- 
ish ammonia production but not decrease net acid excretion, if the quantity 
of anion excreted without sodium is increased. However, in this case a 
greater fraction of cation excretion is accounted for by potassium than 
hydrogen ion, consistent with the hypothesis that inhibition of ammonia 
production by hyperkalemia can facilitate potassium excretion (58). Simi- 
larly, potassium depletion can increase ammonia production but not in- 
crease acid excretion if sodium-free anion excretion is decreased (64). In this 
case the fraction of cation excretion accounted for by potassium is dimin- 
ished, consistent with a potassium-sparing effect of enhanced ammonia 
formation. : 

It should be noted that the ammonia production system would not be 
expected to play a role in hydrogen ion or potassium regulation when the 
distal nephron is confronted with an alkali surfeit. Under this circumstance, 
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the options available are excretion of the excess bicarbonate with either 
sodium or potassium, or its reclamation. Thus the interplay between potas- 
sium and acid-base regulation by the distal nephron is dictated by bicarbon- 
ate reabsorption rather than by acid excretion, and the role of ammonia 
production is inconsequential. 

Finally, it must be stressed that this potential mechanism for altering 
potassium and acid excretion does not eliminate the possibility that other 
modulators of potassium and/or hydrogen ion excretion exist. It is quite 
conceivable that pH directly alters the capacitance of the hydrogen ion 
pump, as has recently been demonstrated in anuran membranes (65), that 
potassium homeostasis influences a potassium secretory pump (66), and/or 
that other coupling phenomena such as hydrogen ion mediation of potas- 
sium entry into renal tubular cells are important (66). The existence of 
these, or other alternative mechanisms of potassium and hydrogen ion 
control, would not mitigate against a simultaneous role for ammonia pro- 
duction in the regulatory process. One future challenge is to discern the 
relative importance of these potential modulators. 


CONCLUSION 


Enhanced comprehension of the mechanisms that regulate acid excretion 
has been obtained by observations in intact animals and humans, by the 
study of selective segments of the mammalian nephron in vivo and in vitro, 
and by the delineation of hydrogen ion transport characteristics of anuran 
membranes that resemble the epithelium of the mammalian collecting sys- 
tem. Acid excretion is ultimately determined by the hydrogen ion secretory 
mechanisms of the collecting system. It may be modified by bicarbonate 
handling at more proximal sites in the nephron, by actual modifications in 
the hydrogen ion secretory pump, by alterations in transepithelial voltage 
secondary to modifications in sodium transport and the characteristics of 
the anions in tubular fluid, or by alterations in the hydrogen ion buffering 
capacity mediated by changes in renal ammonia production. Our current 
knowledge has sharpened the focus on these potential regulatory mecha- 
nisms, but has not clearly resolved the importance of each component. 
A speculative scheme for the regulation of acid excretion is proposed in 
which urinary anion excretion defines an upper limit for cation excretion. 
Within this constraint, volume-related mechanisms dictate the amount of 
sodium excreted, and ammonia production, which is regulated by both pH 
and potassium homeostasis, modulates the relationship between acid and 
potassium excretion. Like the specifics of hydrogen ion transport at a renal 
tubular level, this hypothesis for overall regulation of acid excretion is a 
functional model subject to further innovative experimental challenges. 
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POISONING 


D. H. Mitchel, M.D., F-A.C.P. 


Department of Medicine, University of Colorado Medical Center, 
Denver, Colorado 80210 


INTRODUCTION 


For a century following the extraction of muscarine from Amanita muscaria 
(1) all mushroom poisoning (mycetism) was attributed to muscarine, for 
which the antidote was atropine. This concept was wrong in two aspects: 
(a) Muscarine is not the main toxin that produces the hallucinogenic or 
soporific effects of A. muscaria poisoning; (b) While atropine is a specific 
antidote for muscarine poisoning, it does not relieve and may actually 
aggravate the symptoms of other types of mushroom poisoning. In the past 
ten years, many toxic substances have been extracted from mushrooms and 
it is now apparent that mushroom poisoning is a complicated problem, 
involving many chemically unrelated toxins that affect different organ sys- 
tems of the body and require different specific treatments (see Table 1). The 
most lethal of these toxins are the amatoxins of the Amanita phalloides 
group of mushrooms. Perhaps because of the “muscarine myth” or perhaps 
because of the simplistic wish of the toxicologists for an antidote for each 
toxin, the term “Amanita poisoning” is now being used to characterize the 
more complicated problem of mushroom poisoning, and the most recent 
antidote being suggested is thioctic acid. Actually, the treatment of mush- 
room poisoning is no more mysterious or complicated than the treatment 
of any other poisoning and, unfortunately, the number of specific antidotes 
is no greater. The mainstay of treatment is that of supportive care as 
dictated by the condition of the patient (see Table 2). 
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Table 2 Treatment of mushroom poisoning—general measures 


I. Reduction of absorption 

A. Emesis, if not already adequate from poisoning itself. Ipecac syrup 15—30 cc fol- 
lowed by +500 cc oral liquids 

B. Gastric lavage if patient is unconscious or convulsing. Large bore gastric tube (34 
French or larger) with +20 L NS 

C. Activated charcoal, 30 g in 60 cc water and repeat l 

D. Catharsis, if not already adequate; magnesium sulfate 250 mg/kg p.o. 

H. Enhancement of excretion 

A. Forced diuresis to obtain urine output of 3—6 cc/kg/hr with oral or IV fluids. Add 
furosemide 1 mg/kg/hr IV p.r.n. 

B. Hemodialysis with extracorporal circulation through charcoal filter if liver failure 
occurs, or hemodialysis if toxin molecule is small enough or if renal failure occurs 

HI. Supportive measures 

A. Maintain respiration with adequate airway, oxygen, and rarely, in extremus, ventila- 
tory support 

B. Maintain blood pressure with IV fluids and, if necessary, vasopressors, e.g. Isopro- 
terenol 

C. Maintain blood sugar and electrolytes 

D. Follow hepatic and renal parameters for at least 48 hours 

E. Antispasmodics and/or antiemetics after GI tract is empty 

F. Analgesics and/or opiates for pain 

G. Sedatives for anxiety, hysteria, hallucinations, or convulsions, which may occasion- 
ally occur in children, e.g. Diazepam 

IV. Specific therapy with drug intervention is rarely required, and then only when the 

type of poisoning is diagnosed! 


AMANITA POISONING 
Toxins and Pathophysiology 


Mushrooms in the Amanita phalloides group cause over 50% of all cases 
of mushroom poisoning, 95% of the fatal cases, and justly deserve their 
common names: “Death Cap” and “Destroying Angel.” The study of the 
responsible toxins has been carried out by scientists in Central Europe for 
the past century. Over the past 40 years, the Wielands (2-5) and, more 
recently, Faulstich (5, 6) in Wieland’s laboratories in Heidelberg, have 
identified and established the structural formulas of the toxic cyclopeptides 
involved. At least seven heptapeptide phallotoxins and eight octapeptide 
amatoxins have been identified. The phallotoxins are probably not involved 
in cases of human poisoning, but five of the amatoxins are among the most 
lethal toxins known. They inhibit nuclear RNA polymerase B (or ID and 
thus interfere with both RNA and DNA transcription (7). This in turn 
causes cellular necrosis and prevents reproduction of cells, especially those 
that receive the initial contact with the poison and those with the most rapid 
rates of turnover, for example, those in the gastrointestinal mucosa, liver, 
and kidneys. 
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Symptoms and Course 

The symptoms of Amanita poisoning do not appear until 6 to 24 (usually 
10-12) hours after the ingestion of the mushroom. Presumably, this latent 
period is the time necessary for the absorption of the toxin into the cells of 
the GI tract and the inhibition of RNA transcription to produce symptoms. 
After this characteristic latent interval, severe abdominal pains with nausea, 
vomiting, and profuse “cholera-like” diarrhea occur and last for about 24 
hours. If, with electrolyte and fluid (up to 9 liters per day) replacement, the 
patient survives this acute episode, a 12—-24-hour remission usually occurs. 
If the correct diagnosis of mushroom poisoning is not suspected and liver 
enzyme studies are not obtained, the patient may be discharged at this time 
under the mistaken assumption that he has recovered from an acute gastro- 
enteritis of unknown etiology. Within 24 hours, rapidly increasing jaundice 
and renal shutdown may occur with concomitant elevation of liver en- 
zymes, BUN, and creatinine. Severe or inadequately treated cases progress 
into coma, with its associated neurologic changes, and death occurs from 
the fourth to the seventh day. Recovery in serious cases may take as long 
as two to three weeks. Pathologic changes include necrosis of the intestinal 
mucosa, hepatic necrosis similar to “acute yellow atrophy,” and renal 
necrosis particularly of the cells of the proximal tubule. 


Therapy 

The search for an antidote for the Amanita poisons has been as avid, if not 
as productive, as the study of the toxins. The story, too long to relate here, 
is reviewed in recent books (8, 9). Most of the therapies advised, from 
emulsions of rabbits’ brains to horse serum antitoxins, have not stood the 
test of time. The only therapy universally accepted as beneficial is that of 
careful monitoring of the patient and replacement therapy as indicated, 
similar to that used for other types of hepatitis or acute tubular necrosis of 
the kidney. Steroids, antibiotics, intravenous vitamin B complex, and the 
like, which are of debatable value in the treatment of hepatitis and/or of 
tubular necrosis, are equally controversial in the treatment of Amanita 
poisoning. From these proposed therapies for hepatitis, the most recent 
recommended treatment for Amanita poisoning has evolved. 

Reasoning that, if vitamins of the B complex aid the damaged liver, 
similar compounds involved in the Krebs cycle might also be beneficial, 
European physicians experimented with thioctic acid (alpha-lipoic acid), a 
coenzyme in the Krebs cycle. At an international symposium in Naples in 
1955, it was reported to be of benefit in the treatment of liver disease in 
animals (10) and later it was used in humans with liver damage from heavy 
metal poisoning (11). Kubička (12) in 1968 reported from Czechoslovakia 
the use of thioctic acid in 40 cases of Amanita phalloides poisoning with 
only one death instead of the usual 50-95% mortality. Since its first use in 
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the United States in 1970 (13), thioctic acid has been credited for the low 
mortality in many case reports of Amanita poisoning (14-17). More re- 
cently in both Europe and the United States, thioctic acid has been used and 
credited with some benefit in the treatment of other kinds of mushroom 
poisonings, e.g. Gyromitra sp. (18) and Cortinarius sp. (19). There have 
been no well-controlled studies, however, in humans or laboratory animals 
to prove or disprove the efficacy of thioctic acid therapy. Alleva (20), in 
experiments for the Food and Drug Administration (FDA), reported failure 
of thioctic acid to cure mushroom-poisoned mice and dogs, but Bartter (16, 
21) criticized these experiments because hypoglycemia was not controlled 
in the test animals. 

In 1976, Moroni et al (15) reported 100% survival of 33 individuals with 
Amanita poisoning and attributed the excellent results to the use of intrave- 
nous penicillin as well as thioctic acid and cortisone. The rationale for the 
use of penicillin was based on the experiments of Floersheim (22, 23), who 
showed that many substances, including penicillin, reduced the toxicity of 
amatoxins, theoretically by blocking their binding sites with proteins. Rea- 
soning that protein-bound toxin would not filter through the glomerulus of 
the kidney, but would instead return to the systemic circulation to produce 
further liver damage, these Italian investigators elected to use intravenous 
penicillin rather than the other more toxic compounds Floersheim had 
tested. Faulstich (personal communication) and others (24) doubt this 
whole premise since they could not demonstrate any significant binding of 
the toxin to human serum albumin. Though Fiume (25) describes “linking 
of amanitin to bovine albumin” and “conjugation with albumin” in the 
sinusoids of the mouse liver and in the proximal convoluted tubule cells of 
the rat kidney, he states (24) that this does not occur in, or have any bearing 
on, human poisonings. 

The FDA is now evaluating both thioctic acid and intravenous penicillin 
therapy in dog experiments in which replacement therapy is being carefully 
controlled. Until the results of these and/or other experiments show these 
drugs to be valueless, it is the opinion of this reviewer that they should be 
used as outlined in Table 1. 
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INTRODUCTION 


Gallstones do not disappear spontaneously and medicine has long sought 
a safe and effective drug for their dissolution. After many excessive claims 
and false hopes there now is a dependable method for dissolving gallstones. 
The treatment is not applicable to all types of stone and there are many 
qualifications to its use, but it is a reasonable alternative to surgery for the 
treatment of cholelithiasis. 

At present medical therapy is useful only for those gallstones comprised 
solely or mainly of cholesterol; these are the majority of stones occurring 
in the Western world. Drug treatment centers around chenodeoxycholic 
acid (CDCA). I shall review current concepts of how cholesterol is main- 
tained in solution in bile, the pathogenesis of cholesterol gallstones, the 
experience with CDCA and other agents used to treat gallstones, and finally 
the nonsurgical management of common bile duct stones. 


THE SOLUBILITY OF CHOLESTEROL IN BILE 


Bile is 85-95% water. Cholesterol is insoluble in water and is maintained 
in solution in bile because of the formation of mixed micelles comprising 
cholesterol, phospholipids, and bile salts (1-4). 

Using phase diagrams Admirand & Small (5) ETENE that patients 
with cholesterol gallstones could be distinguished from non-gallstone indi- 
viduals by the composition of their biliary lipids. The essential feature of 
bile-containing cholesterol stones is an excess of cholesterol relative to bile 
salts and phospholipids; such bile is unable to maintain the cholesterol in 


59 
0066-4219/80/0401-0059$01.00 


60 BOUCHIER 


a micellar solution. The fact that a number of studies have subsequently 
failed to separate cholesterol gallstone-forming bile from stone-free bile on 
the basis of bile physicochemistry (6-8) does not negate the fundamental 
precept that cholesterol supersaturation is necessary for lithogenesis. 

Cholesterol supersaturation is essential to, but not the sole factor for, 
gallstone formation, the supersaturated bile itself originating from the liver. 
Whatever the influence of the gallbladder on lithogenesis, the basic defect 
in cholesterol gallstone disease is metabolic, existing in the liver (9-11). 
Cholesterol supersaturation can arise from an excess of biliary cholesterol 
or a relative lack of bile salts, or both (12, 13). In obese persons an increase 
in cholesterol synthesis and excretion appears to be the predominant event 
(14). But in the majority of gallstone-forming patients, diminished hepatic 
secretion rate of bile salts is the fundamental defect, and this can be related 
to a reduced total body pool of bile salts. A primary deficiency of hepatic 
biliary lecithin has never been established. 

The reduction in bile salt pool size is unexplained. Neither altered steady- 
state synthesis nor absorption of bile salts is at fault, and currently the most 
acceptable view is that there is either an increased cycling frequency of bile 
salts within the enterohepatic circulation, thereby suppressing synthesis, or, 
alternatively, an oversensitive feedback inhibition of bile salt synthesis (15, 
16). 


Metabolic Defect in Cholesterol Gallstone Disease 


Patients with cholesterol gallstones are believed to have a defect in choles- 
terol synthesis relative to bile salts, thereby producing an excess of biliary 
cholesterol. The hepatic activities of HMG-Co A reductase are higher and 
cholesterol 7a-hydroxylase lower in subjects with gallstones compared to 
those without (21-23). In addition, gallstone-forming persons have lower 
12a-hydroxylase activity than normal. If this decrease were greater than 
that of cholesterol 7a-hydroxylase, it might account for the increased pro- 
portion of dihydroxy bile salts found in the bile of gallstone patients (24). 


CHENODEOXYCHOLIC ACID 


In 1971 Thistle & Schoenfield (25, 26) reported that the administration of 
CDCA (or chenic acid) decreased cholesterol saturation of bile in subjects 
with and without gallstones. These observations paved the way for the use 
of CDCA to dissolve gallstones. Danziger et al (27) reported the dissolution 
of human stones in January of 1972, followed in December of the same year 
by Bell et al (28). Subsequently there have been reports of larger series of 
patients treated in London (29), Bologna (30), Rochester (31), and Dundee 
(32), and a number of review papers are available (33-35). 
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Pharmacology of CDCA 


CDCA is administered as the unconjugated bile acid and is available in a 
variety of preparations of high chemical purity but differing crystal mor- 
phology (36). It dissolves rapidly in the intestine, being completely absorbed 
in doses up to 400 mg whether taken with food or while fasting. The bile 
salt is effectively extracted by the hepatocyte; the first-pass clearance is 
about 62% (37). Hepatic extraction is constant in doses up to 400 mg and 
peripheral blood levels of unconjugated bile salts are low. Rachmilewitz & 
Saunders (38) incubated human jejunal and rectal biopsies with CDCA and 
suggested that some of the bile salt was metabolized to polar metabolites. 
However, van Berge-Henegouwen & Hofmann (37), studying peripheral 
blood radioactivity in patients two hours after the ingestion of H]CDCA, 
found less than 5% with a mobility different from the unconjugated bile 
salt. 

CDCA is conjugated in the liver to glycine or taurine and secreted into 
the bile. In the gut the conjugated CDCA may be reabsorbed unaltered. The 
conjugated CDCA is cleared by the liver even more effectively than the 
unconjugated bile salt, and only a slight elevation of glycine or taurine 
conjugates is detected in the peripheral blood. On the other hand, once in 
the gut the newly secreted conjugated CDCA may undergo deconjugation, 
and free bile salt joining the pool of ingested CDCA. . 

Some of the intestinal CDCA is not reabsorbed and is excreted in the 
stool and some undergoes transformation to the 78-hydroxy epimer, ur- 
sodeoxycholic acid, but the majority of the unabsorbed CDCA undergoes 
7a-dehydroxylation to lithocholic acid, which in turn undergoes an en- 
terohepatic circulation similar to CDCA. Because lithocholic acid is the 
major metabolite formed when CDCA is ingested and because it is poten- 
tially hepatotoxic, its metabolism is of relevance and has been described in 
detail (39-41). 

In normal man about one fifth of the lithocholate formed is absorbed in 
the terminal ileum and colon; the remainder is lost in the feces where it is 
a major bile salt. In man the important event in the metabolism of litho- 
cholic acid is the sulfation of the conjugated salts that occurs at the 3 
position. Sulfation takes place in the liver but can also occur in the kidney. 

Sulfation alters the metabolism, excretion, and toxicity of lithocholic 
acid. The sulfated conjugates are water soluble and thus, in contrast to the 
other bile salts, are poorly absorbed by the gut and are lost in the feces. 
Sulfation decreases passive absorption in the jejunum and active absorption 
in the ileum. Only 25% of sulfated conjugates are conserved whereas about 
40% of the unsulfated lithocholates undergo an enterohepatic circulation 
similar to CDCA and about 60% are conserved. The effect of sulfation is 
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therefore to prevent the accumulation of lithocholic acid within the en- 
terohepatic circulation. 


DOSE CDCA is administered as a gelatin capsule containing 125 mg of 
the free bile salt, taken with meals. It was prescribed initially on an empiri- 
cal basis in doses varying from 0.75 to 4.5 g (27). Subsequently the majority 
of authors have administered CDCA according to body weight, generally 
12-15 mg/kg/day. Prescribing sufficient bile salt to reduce biliary choles- 
terol saturation while at the same time avoiding the main side effect, diar- 
rhea, is difficult. Barbara et al (30) give the minimum effective dose as 7.8 
mg/kg/day, but most other studies report 14-15 mg/kg/day for optimal 
efficiency (29, 31). 

Our group, however, prescribes a fixed dose; we recommend 1000 mg 
daily (32, 42). This is the equivalent of 14-15 mg/kg/day for the majority 
of patients. The mean duration of therapy was greater (1.27 yr) on 750 mg 
daily than on 1000 mg (0.56 yr), and no patient on 500 mg daily has had 
complete gallstone dissolution. 

In an attempt to define the optimum dose Mok et al (43) fed patients 250, 
500, 750, and 1000 mg daily and concluded that a dose between 500 and 
750 mg daily was effective and safe. But this was based on alterations in 
biliary lipid analysis and is at variance with our observations on the out- 
come of stone dissolution. Thistle et al (31) found that although some 
patients responded within a range of 4-12 mg/kg/day the majority of 
nonresponders received less than 12 mg/kg/day. Whereas only 38% of 
patients receiving less than 15 mg/kg/day responded, 83% had partial or 
complete gallstone dissolution when taking 15 mg or more/per kg/day. If 
judged by changes in biliary lipid composition and the proportion of CDCA 
in bile, a daily dose of 15 mg/kg should suffice for most nonobese patients. 
The ideal lowest dose has not been accurately defined (44, 45). 


Duration of Therapy and Response Rate 


A response (complete or partial dissolution) has been recorded only with 
radiolucent gallstones. It is exceptional for a radioopaque stone to disappear 
although an outer radiolucent component may dissolve. 

The response rate of radiolucent stones varies from 47 to 64% (29, 31, 
32), but these figures are misleading because they include both partial and 
complete dissolution over a period ranging from six months to four years 
and they include patients still in the process of dissolution. The percentage 
response might well be greater. 

CDCA given in an optimal dose unsaturates bile in about three weeks 
(46). Stones usually begin to show radiological evidence of a reduction in 
size after 6 months and most stones are dissolved by 18 months. Lucent 
stones that have resisted therapy for 24 months seldom disappear. 
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Changes in Bile Composition 


The essential effect of CDCA is to reduce the cholesterol saturation in bile. 
Exposure of the gallstone to bile unsaturated by cholesterol presumably 
enables cholesterol to leach out of the stone. Treatment with CDCA in- 
creases the body pool of the bile sale, and the increase is positively corre- 
lated with the amount absorbed (47). Similarly the amount of CDCA in bile 
increases (27, 36, 48) in direct proportion to dose (30, 48) until CDCA 
amounts to between 90 and 95% of biliary bile acids. As CDCA becomes 
the major bile salt, the proportion of cholate and deoxycholate progressively 
decreases, and the body pools of these two bile salts are reduced. The total 
bile salt pool represents the sum of these three bile salts, so overall the total 
bile salt pool is only slightly increased or remains unchanged by the feeding 
of CDCA (27, 36). 

The ingestion of CDCA causes an increase in biliary lithocholic acid. An 
early study (27) found between 10 and 30% of the biliary bile salts to be 
monohydroxy but subsequent reports have given a much smaller propor- 
tion, seldom greater than 10% (32, 41). Increasing the dose from 750 to 
1000 mg daily does not further increase biliary lithocholate (32). Most of 
the lithocholate is in the sulfated form (41) and although production and 
absorption of lithocholic acid increases, none of this bile salt is retained (49, 
50). 

When CDCA is administered, ursodeoxycholic acid (UDCA) appears in 
bile. Normally UDCA accounts for less than 1% of total biliary bile acids; 
this increases upon CDCA therapy to around 10% although it may be as 
much as 37% (48, 51). Why more UDCA forms remains unknown; it might 
relate to either bacterial transformation of CDCA in the gut or to direct 
epimerization of CDCA in the liver (51). 

Most (25-27, 29, 30), but not all (32, 36, 48), patients receiving CDCA 
achieve unsaturation so that biliary lipid composition falls within the mi- 
cellar zone. Biliary lipid analysis is of value when comparing groups, 
not individuals. In general, however, when CDCA amounts to some 70% 
or more of biliary bile acids, the bile will become unsaturated with choles- 
terol. 

Northfield et al (52) measured the 24-hour biliary lipid output and com- 
position during therapy with 1.0-2.5 g of CDCA daily. They demonstrated 
that unsaturation of bile resulted from decreased biliary cholesterol output. 
It could not be attributed to an increase of either bile salt or phospholipid. 
In another study (53) gallstone-free individuals received 500 mg of CDCA 
daily and the biliary cholesterol secretion, which was not abnormal, was 
reduced. This was attributed to a decrease in biliary cholesterol secretion 
in the absence of any increase in bile salt pool size or secretion. CDCA has 
no effect on body cholesterol pools (54). 
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CDCA decreases HMG-Co A reductase activity by 40%, which approxi- 
mates levels found in individuals without gallstones. Cholesterol 7a- 
hydroxylase activity is also somewhat reduced. The current view is that 
CDCA acts by a direct effect on the rate-limiting enzyme for cholesterol 
biosynthesis (23, 55). 


Factors Influencing Response 


Stones less than 5 mm in diameter reportedly dissolve readily, whereas 
those greater than 15 mm dissolve appreciably slower (29, 31). Our experi- 
ence, however, has been different and we have been unable to predict the 
speed of response from the size of the gallstone (32). Only patients with 
cholesterol stones should be treated; those with calcium-containing or pig- 
ment stones are resistant to therapy. 

It is unclear why some patients with radiolucent stones fail to respond 
to an apparently adequate dose of CDCA. In some instances the stones are 
probably not primarily cholesterol in type. Large stones with smooth bor- 
ders are predominantly cholesterol, but smaller radiolucent stones with 
irregular contours are often not—approximately 20% of radiolucent stones 
may be noncholesterol (56, 57). 

There are also patients who do not seem to achieve cholesterol unsatura- 
tion in bile (32, 39, 57). In some this is probably because of extreme obesity, 
which appears to confer resistance to CDCA, although unsaturation may 
be achieved with doses up to 18.5 mg/kg/day (58). HMG-Co A reductase 
may vary either in activity or resistance to suppression, because in contrast 
to many patients with gallstones, cholesterol unsaturation in bile is easily 
produced if CDCA is fed to patients without gallstones (59). 

Patients with nonfunctioning gallbladders are not recommended for 
treatment since the altered gallbladder function probably prevents circula- 
tion of unsaturated bile around the stone, and, of course, because it would 
be impossible to follow therapy by using cholecystography as a guide to 
stone dissolution. Ultrasonography may one day be used to monitor the 
presence and size of gallstones in these patients. Treatment of a nonfunc- 
tioning gallbladder with CDCA is not associated with a return of function. 
If oral cholecystography reveals nonfunction, surgery is indicated. 


Prediction of Response 

It has been claimed that the response to CDCA can be predicted from the 
radiolucency of the stone and the cholesterol content of bile (57), but this 
has not been the experience of many investigators (32, 48). At present the 
best index of response is the oral cholecystogram. Patients are required to 
undergo regular cholecystography usually at intervals of 6, 12, and 24 
months (31, 32). Once the gallbladder appears free of stones the cholecysto- 
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gram is repeated two to three months later and, if still normal, the stones 
are considered dissolved. It is reported that the analysis of fasting biliary 
lipids during therapy can predict the individual response to CDCA (29), but 
this has not been our experience (32, 39) or that of Hofmann et al (48). An 
improved cholesterol saturation in bile is associated with an increase in the 
proportion of biliary CDCA; but the magnitude of the CDCA content of 
bile is a poor means of distinguishing the responding from the nonrespond- 
ing patient. The percentage of CDCA is probably only of help if assessing 
compliance (48). On balance we believe regular examination of gallbladder 
or hepatic bile by duodenal drainage is of little diagnostic advantage. There 
is no alternative to regular oral cholecystography. 


ADJUVANTS TO CDCA It would be advantageous to enhance the effect 
of CDCA, thereby reducing the duration of therapy and affecting appar- 
ently nonresponsive stones. 

A cholesterol-free diet prevented the anticipated decrease in biliary cho- 
lesterol saturation when CDCA was fed to hamsters (60), but contrary 
finding was reported in man where a low cholesterol diet (100 mg daily) 
enhanced the effect of CDCA (61). Results are conflicting when plant 
sterols are given at the same time as CDCA (31, 61), but it is generally 
agreed that there is no advantage to be gained by feeding them with the bile 
salt. 

Phenobarbitone increases HMG-Co A reductase and 7a-hydroxylase 
activities (23) and increases the bile salt pool size, but it does not confer any 
therapeutic advantage when administered with CDCA (62). 

Weight reduction might be advisable because obese patients are resistent 
to CDCA. Insufficient work has been undertaken on this problem but the 
observation that bile becomes more saturated with cholesterol during fast- 
ing (63) suggests that concomitant calorie restriction might not always be 
beneficial. Theoretically stone dissolution is enhanced in rapidly flowing bile 
(64) but this information has yet to be put to practical use. 


Side Effects 


The drug is well tolerated and many patients claim a sense of well-being 
with an improvement in abdominal discomfort and dyspepsia (29). Why 
this should be so is not clear and it is difficult to separate from a placebo 
effect. 

The most important problem during therapy is diarrhea, which has been 
reported with varying frequency (31, 32, 37). It usually begins within the 
first few weeks of treatment, is dose related, and subsides after a few months. 
Most patients require only a reduction in the dose of CDCA and many will 
tolerate larger doses subsequently. Troublesome diarrhea prevents only 
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very few patients from receiving CDCA and it is in these that UDCA is 
helpful. The diarrhea results from the stimulation of colonic mucosal adenyl 
cyclase and subsequent increase in net luminal secretion of fluid. 

An occasional patient will complain of mild pruritus in the absence of 
biochemical cholestasis or markedly elevated serum bile salt concentra- 
tions. 

A constant finding is elevated serum aspartate transaminase (SGOT) 
concentrations within one month of initiating therapy. The mean elevation 
is about 15%, usually within the normal range of serum concentration (29). 
It may be sustained for two years (32). The rise of enzyme is unrelated to 
an increase in serum lithocholate concentration (31). Gamma glutamyl 
transpeptidase concentrations fall to 44% of original values after two years 
of therapy. There is an immediate and as yet unexplained increase of blood 
glucose amounting to 15% of original values (32). 

Animal studies suggested that CDCA might be hepatotoxic because of 
lithocholic acid formation (65, 66), but despite the serum transaminase 
elevation none of the studies of liver histology in man have shown any 
appreciable change (67-69). Some biopsies show “mild changes” consisting 
of a slight increase in fat and lipofunction. On the basis of electron micro- 
scopic findings Bateson et al (70) reported a significant increase in sinusoidal 
lipocytes, or Ito cells. The implications of this observation are uncertain, 
and liver function and histology should continue to be monitored in patients 
on long-term therapy. 

The lack of hepatotoxicity of CDCA in man can be related to the sulfa- 
tion of its main bacterial metabolite, lithocholic acid (39-41). Thus, in 
contrast to the rhesus monkey and the baboon, the increase of biliary 
lithocholate in man during therapy is between 1 and 3% (49, 50). It is 
relevant that the squirrel monkey, which also fails to accumulate lithocho- 
late during CDCA administration, shows no evidence of hepatic damage 
(71). There is no major alteration in cholesterol or lipid metabolism (54) 
although a fall in serum triglycerides has been observed by some groups (29, 
72, 73) but not by others (31, 74). 

Another concern during the early days of therapy was that the partly 
dissolved gallstones would move into the common bile duct causing colic 
and jaundice. This is a most uncommon occurrence. Occasionally a patient 
develops acute cholecystitis while on therapy, but this is probably coinci- 
dence. 


Indications and Contraindications 

The indications for placing a patient on CDCA have yet to be established 
and most studies do not clearly explain why the patients were recommended 
for drug therapy in preference to cholecystectomy. Our practice is to offer 
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the alternatives of medical or surgical treatment to patients with lucent 
stones and a functioning gallbladder. Alternatively CDCA may be reserved 
for those patients who reject surgery or who are regarded by the surgeons 
as unfit. The drug has been administered to women of childbearing age who 
are using adequate contraceptive techniques, and we have used it without 
difficulty in women on the oral contraceptive pill. The safety of CDCA 
administered during pregnancy is not established and it should be avoided 
in this circumstance. CDCA is inappropriate therapy for patients with 
severe gallstone symptoms because of the time taken to dissolve gallstones. 
It should not be used in icteric patients or in patients with nonfunctioning 
gallbladders. 

Therapy is continued until the gallstones have dissolved. For patients 
whose gallstones do not dissolve, therapy is usually discontinued after two 
and a half to three years of nonresponse on the optimal dose. Other thera- 
peutic end-points include the development of severe biliary symptoms, 
jaundice, a nonfunctioning gallbladder, or intolerable diarrhea. 


Recurrence of Gallstones 


Evidence is accumulating that gallstones may recur once the bile salt 
therapy has been stopped because the bile reverts to the supersaturated 
state. The natural history of gallstone disease after successful dissolution 
remains to be determined, but Thistle et al (31) reported that stones re- 
curred in 3 of 15 patients followed for 48 months. Iser et al (29) recorded 
two recurrences in ten patients observed for 24 months. Readministration 
of CDCA induces rapid stone dissolution. 

There are a number of management options once gallstones recur, and 
further studies are necessary to identify the best alternative for a particular 
situation. The physician can recommend cholecystectomy with its small but 
significant morbidity and mortality, or long-term CDCA therapy with its 
undetermined risks. Intermittent bile salt therapy might be considered, but 
it seems unlikely to be successful (46). Before long-term CDCA therapy can 
be widely recommended it will be necessary to define the lowest dose 
necessary to maintain unsaturated bile in patients whose stones have been 
dissolved. Some form of diet therapy is an attractive concept and further 
work is needed on the effects of low cholesterol or high roughage diets in 
this situation. 


CDCA and Blood Lipids 


In 1973 Bell et al (72) reported that elevated serum triglycerides fell to 
normal values while serum cholesterol remained unaltered in gallstone 
patients who had received CDCA. Miller & Nestel (73) recorded a 41% fall 
in serum triglycerides and a 10% drop in serum cholesterol. Our studies 
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show that CDCA lowers elevated serum triglyceride levels by 10% and also 
initiates a modest fall in serum cholesterol concentrations (75). In contrast 
to the earlier studies (72) we (75) and others (30) have not observed a 
reduction of normal triglyceride levels. 

Clofibrate is used extensively in the treatment of hyperlipidemia but it 
causes bile to become oversaturated with cholesterol (76). Such patients 
have an increased frequency of gallstones (77). These observations have led 
to the introduction of CDCA (750 mg daily) in combination with clofibrate 
when treating hyperlipidemia. This combination reverses the cholesterol 
saturation of bile induced by clofibrate, and the biliary lipids revert to a 
more normal pattern (78). 


URSODEOXYCHOLIC ACID 


UDCA is the 78 epimer of CDCA with hydroxyl groups in the 3a and 
7B positions. The bile salt has been used as a chologogue in Japan, where 
its effectiveness in dissolving gallstones was first reported (79). UDCA 
affects the bile in a manner similar to CDCA (80). It is readily absorbed, 
enters the enterohepatic circulation to become the major bile salt, and 
inhibits the synthesis of CDCA. UDCA reduces HMG-Co A reductase 
activity by 30% when fed to rhesus monkeys, an equivalent effect to CDCA 
(81), and a reduction of similar magnitude has been reported in man (82). 
The overall effect is to decrease cholesterol saturation in bile. There is a rise 
in the molar proportion of total bile salts and the bile salt and lecithin: 
cholesterol ratio increases from 11.5 to 21.0 (80). 

Deoxycholic acid and, more importantly, lithocholic acid virtually disap- 
pear from the bile (80). In a comparative study of CDCA and UDCA fed 
to rhesus monkeys no liver toxicity was observed with UDCA (81). Serum 
enzymes of liver origin remained within normal limits and there were none 
of the histological features typical of CDCA toxicity : periportal inflamma- 
tion, bile duct proliferation, or hepatic necrosis. Why UDCA fails to cause 
an increase in lithocholate is unknown; it has been suggested that UDCA 
suppresses intestinal bacterial activity or that the bacteria which dehy- 
droxylate the 7-hydroxy group are stereospecific (81). : 

The few studies available in man bear out the promise of this bile salt as 
a gallstone-dissolving agent. In one report gallstones decreased in size in 6 
of 16 patients receiving 150 mg daily and in 2 of 15 patients on 600 mg daily. 
Bile became unsaturated in all patients receiving 150 mg daily (83). In 
another study of 74 patients treated with 450 mg daily the overall response 
was 43% (84). Small stones dissolved more readily than large (> 10 mm), 
and, surprisingly, 2 of 22 patients with calcified stones had dissolution while 
some response was observed in a further 6 patients. If only patients with 
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radiolucent stones were considered, the response was 52%, which was 
comparable to CDCA. 

Maton et al (82) found a significant correlation between the dose of 
UDCA and the reduction in cholesterol saturation of bile. The average dose 
necessary to achieve unsaturation was 9.7 mg/kg/day, which suggested that 
UDCA might be effective at two-thirds the dose of CDCA; but the authors 
advise larger doses to be certain that the highest possible response rate will 
be obtained. Patients also experience improvement of dyspeptic symptoms 
while taking UDCA. Our studies with doses of 250 mg and 500 mg daily 
are equally encouraging (85). 

Thus far there has been no complaint of diarrhea (82-85), no alteration 
in serum concentrations of liver enzymes, and no change in liver histology. 

Whether UDCA will have a therapeutic effect at a lower dose than 
CDCA remains to be determined, and further dose-response studies and 
therapeutic trials are required. The bile acid is expensive and is not yet 
generally available. 


CHOLIC ACID 


The initial studies of Thistle & Schoenfield (25, 26) included administering 
cholic acid at doses of 500-1000 mg daily. In contrast to CDCA no signifi- 
cant changes were found in the bile salt and lecithin : cholesterol ratio. This 
observation has been confirmed many times since (31, 48, 53, 86), and all 
reports agree that oral cholic acid does not dissolve gallstones and has no 
place in their treatment. 

Current opinion holds that where CDCA inhibits HMG-Co A reductase 
activity, cholic acid probably suppresses both enzymes equally (87). How- 
ever, Carrella & Dietschy (88) reported greater suppression of cholesterol 
synthesis when rats were fed cholic acid than when CDCA was adminis- 
tered. Carrella & Dietschy argued that the influence of enhanced cholesterol 
absorption should also be considered. The influence of bile salt feeding on 
cholesterol metabolism is clearly complex and controversial but the obser- 
vation that oral cholic acid cannot dissolve gallstones is unchallenged. 


OTHER AGENTS 


Phospholipids 

It is tempting to suggest that feeding phospholipids might dissolve gall- 
stones because of the importance of lecithin in maintaining biliary choles- 
terol in micellar solution (2). An early report suggested that feeding 10 g 
of sterile soybean “lecithin” caused a significant increase in the phos- 
pholipid content of hepatic bile (89). The improbable combination of cholic 
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acid and lecithin has been claimed to be effective in two of six patients (90). 
The oral administration of 8-glycerophosphate has been reported to in- 
crease the phospholipid content of human bile (91). 

There is no enterohepatic circulation of intact lecithin molecules (92) 
although taking lecithin by mouth does contribute to the biliary lecithin 
pool (93). Biliary lecithin secretion is determined principally by the magni- 
tude of lecithin synthesis, which is regulated by the amount of dietary 
choline (94). Thistle et al (31) fed patients 6 g of choline daily but were 
unable to achieve unsaturation of bile, nor did the choline enhance the 
therapeutic effect of CDCA. There is no therapy capable of influencing 
specifically the biliary phospholipid output. 


Phenobarbital 


In the rhesus monkey, phenobarbital administration increases the bile salt 
pool size and decreases the biliary cholesterol secretion (95), which suggests 
that it might be beneficial in patients with cholesterol gallstones. Studies in 
man have not been promising (62, 96). Feeding phenobarbital with CDCA 
is not of benefit (31, 97). At present there is no value in using phenobarbital 
either alone or in combination with bile salts. 

The intravenous cholangiographic agent ioglycamide (Biligram®, Scher- 
ing Chemicals Ltd.) has a choleretic effect and significantly lowers biliary 
output of cholesterol and phospholipids but leaves bile salt secretion unal- 
tered (98). This information has not been put to practical use for gallstone 
dissolution. Bell & Doran (99) fed Rowachol®, a proprietary essential oil 
preparation, to 27 patients and reported that seven responded in six months 
including complete dissolution in three. Rowachol was said to lower the 
cholesterol saturation in bile by specifically inhibiting HMG-Co A reduc- 
tase activity and reducing biliary cholesterol secretion. 


Diet 

It seems improbable that dietary manipulation alone will sufficiently reduce 
biliary cholesterol saturation to effect gallstone dissolution. A cholesterol- 
lowering diet, rich in polyunsaturated fatty acids, is associated with an 
increase in gallstone disease (100). Weight loss in obese subjects may be 
accompanied by increased biliary cholesterol saturation (63). The addition 
of fiber to the diet in the form of bran (the fiber-rich fraction of wheat) 
reduces the amount of secondary bile salt, deoxycholate, in bile (101). At 
the same time biliary CDCA increases. These observations led to the sug- 
gestion that the CDCA pool size is regulated by the amount of deoxycholic 
acid in the enterohepatic circulation (102) and it was suggested that bile 
unsaturation might be achieved by feeding bran. Recent studies have not 
confirmed that deoxycholic acid has either a specific effect on CDCA syn- 
thesis or improves cholesterol solubility (103—105). 


TREATMENT OF GALLSTONES 71 


Further work is required on the effect of dietary fiber on biliary lipids. 
At present there is insufficient evidence to warrant feeding a high fiber diet 
to achieve stone dissolution. 


COMMON BILE DUCT STONES 


Retained or newly-formed common bile duct stones can be treated by 
reoperation, by mechanical extraction via duodenoscopic sphincterostomy, 
or by drug therapy. The more traditional approach is reoperation, choledo- 
chostomy, and T-tube drainage. The dramatic proliferation of endoscopic 
techniques in gastroenterology has enabled common bile duct stones to be 
removed via an endoscopic papillotomy of the ampulla of Vater. Compre- 
hensive reviews are available of the technique, its indications, and its com- 
plications (106, 107). 

If the stones are discovered at the time of the postoperative cholangio- 
graphic examination, while the T-tube is still in place, they may be removed 
under radiological control by introducing probes or snares, or the common 
bile duct may be irrigated with a variety of solutions in an attempt to 
dissolve the stones. The technique ascribed to Burhenne or modications 
thereof has been much acclaimed (106, 108, 109). Ultrasonography has been 
used to fragment common bile duct stones (110). 


Cholic Acid Infusion 


In 1972 Way et al (111) described the successful dispersion of retained 
common bile duct stones by the infusion of sodium cholate via the T-tube. 
A solution of 100 mM sodium cholate in saline, buffered to pH 7.5 and 
sterilized by millipore filtration, is dripped into the duct at the rate of 30 
ml/hr for up to ten days. The pressure in the bile duct is monitored and 
should not exceed 25-30 cm of solution. Response is assessed by a repeat 
T-tube cholangiogram after five days and again at the tenth day of infusion. 
These observations have been confirmed by others (112, 113). 


Heparin Infusion 

The strong negative electrokinetic potential of heparin suggested that it 
might be a useful agent to dissolve gallstones. In vitro studies, which unfor- 
tunately were not comparable, gave conflicting results (114-116). Successful 
dissolution has been reported following T-tube infusion of 25,000 USP units 
of heparin every eight hours (117). Sodium cholate (15-20 g) in one liter 
of saline alternating or in combination with 20,000 IU heparin in one liter 
of saline over 24 hours has been used successfully in 19 of 26 patients (118). 
We have had 5 successes in 15 patients receiving 100 mM sodium cholate, 
2 successes in 5 patients receiving 100,000 IU heparin, and dissolution in 
1 of 2 patients infused with physiological saline (119). 
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Other agents that have been infused include lecithin (116), quaternary 
amines (111), and the terpene d-limonene (120). We found that the infusion 
of monoglyceride solutions caused diarrhea. 

Side effects with sodium cholate are common. Diarrhea can be most 
troublesome and it is usually necessary to administer cholestyramine orally 
during the bile salt infusion; it is not always effective. We have encountered 
biliary colic, cholangitis, biliary peritonitis, worsening of a biliary fistula, 
and sodium overload. Infusion therapy may fail if the stones are not primar- 
ily cholesterol, if the stones are too big or placed above the T-tube, or if the 
T-tube is too long. Nevertheless it is worth attempting local infusion 
therapy during the postoperative period before reexploring the common bile 
duct. 


Oral Bile Salt Therapy 


There is no point in infusing CDCA via a T-tube; it is likely to be no more 
effective than cholic acid and should be administered orally. There are a 
number of reports of common bile duct stones being treated by oral CDCA. 
Some success has been recorded (31, 42), but there is a high frequency of 
side effects such as jaundice, colic, and cholangitis that necessitate operation 
(28, 29, 32). We do not recommend this form of treatment unless there are 
unusual circumstances. 


DECISION MAKING FOR RETAINED COMMON BILE DUCT STONES 
There are a number of options depending upon the clinical situation and 
the availability of techniques. If stones are diagnosed when the T-tube is still 
present an attempt should be made to remove them mechanically via the 
fistula of the T-tube using a Burhenne catheter. Alternatively, local infusion 
therapy with either sodium cholate or heparin can be used. Failing this, 
endoscopic papillotomy may be tried; but the skilled endoscopist may 
rightly consider that an early approach to the papilla is preferable to pro- 
longed infusion and hospitalization. Surgery always remains an effective 
option. If duct stones are discovered after removal of the T-tube, the choice 
lies between surgery and endoscopic papillotomy. 


FUTURE PROSPECTS 


Safe dissolution of cholesterol gallstones by oral therapy is now part of 
current medical practice. Unfortunately not all patients with radiolucent 
stones respond, and patients with calcium or pigment stones are unrespon- 
sive. We need to be able to identify with greater certainty prior to therapy 
which patients will respond, and a more practical method than repeated 
oral cholecystography is needed to study the progress of the gallstone 
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dissolution. Almost certainly CDCA and UDCA will not be unique in 
dissolving stones and efforts should be directed toward obtaining more 
rapid and economical oral agents. Perhaps we should seek drugs capable of 
inhibiting crystal growth in saturated bile. It is essential to prevent gallstone 
recurrence and here dietary therapy has much attraction and potential. 
Agents are needed to dissolve calcium-containing and bile pigment gall- 
stones. 

Large programs for the study of gallstone disease will stimulate the 
acquisition of knowledge. In the US the National Cooperative Gallstone 
Study has been created primarily to determine the efficacy and safety of 
CDCA (121). Undoubtedly further extensive multicenter studies will be 
necessary before the ideal drug or drugs are evolved for the effective and 
safe dissolution of gallstones. 
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INTESTINAL ABSORPTION AND 07344 
MALABSORPTION OF FOLATES 


Charles H. Halsted, M.D? 


Department of Internal Medicine, University of California, 
Davis, California 95616 


INTRODUCTION 


Folates are essential to a variety of reactions involved in nucleoprotein 
synthesis and cell turnover. The most common sign of folate deficiency is 
megaloblastic anemia; intestinal mucosal cell function may be less obviously 
affected. The minimal adult requirement for folate is 50 ug per day and the 
current recommended dietary allowance is 300 yg per day (1). Dietary 
folates exist predominantly as reduced and conjugated pteroylpolygluta- 
mates with various substitutions on the pteridine ring. As recently reviewed 
(2), the process of folate absorption requires hydrolysis to pteroylmono- 
glutamate forms by an intestinal mucosal y-carboxypeptidase (folate conju- 
gase), and subsequent transport across the intestinal epithelium by a 
mechanism which probably involves one or more metabolic conversions. 
Most data on folate absorption has been obtained by using the more stable 
and available oxidized forms of pteroylpolyglutamate (PteGlu,,) and pte- 
roylmonoglutamate (PteGlu). 


Hydrolysis and Absorption of PteGlu,, 

A series of studies at the University of Alabama showed that the absorp- 
tion of synthetic “4C-—PteGlu,, required its initial intestinal cleavage to 
4C_PteGlu. In studies of patient volunteers, the oral administration of 
4C-PteGlu,, was followed by parallel serum rises in !4C and folate activity 
only when the label was positioned in synthesis on the first glutamyl unit 
(3). A subsequent in vivo study placed '*C—PteGlu,, with more than three 
glutamyl units in an isolated dog intestinal segment and demonstrated that 
4C_PteGlu was the only labeled folate compound recoverable in the me- 
senteric venous blood (4). More recent data from the same model suggested 
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that the hydrolytic process of PteGlu,, was rate limiting to its absorption, 
since the appearance of °H in the mesenteric venous plasma was more than 
twice that of 4C after equal amounts and counts per minute of 3H—PteGlu 
and !4C-PteGlu; were placed in the intestinal loop (5). 

To study folate absorption in humans, we used jejunal perfusion to com- 
pare the rates of absorption of '*C—PteGlu; (the label positioned on the first 
glutamyl unit), with that of 7H—PteGlu, both compounds delivered in equal 
amounts in the same saline solution. Absorption was expressed as percent 
luminal disappearance of each compound per 30 cm of jejunum (6) and as 
percent recovery of each label in a 48-hour urine collection, using a post- 
perfusion flushing dose of nonradioactive PteGlu (7). By either method, the 
absorption of 7H—PteGlu was significantly greater than that of }4C—PteGlu, 
(Table 1). Godwin & Rosenberg (8) obtained similar data by measur- 
ing the urinary recovery of °H after sequential oral administration of 
3H—PteGlu and 7H—PteGlu,. Our perfusion studies also permitted measure- 
ment of the in vivo hydrolysis of '*C-PteGlu; by chromatographic detec- 
tion of shorter chain length ‘*C—PteGlu,, residues within intestinal aspirates 
obtained downstream from the infusion site (9). Chromatograms such as 
that shown in Figure 1 suggested that the exposure of '*C—PteGlu, to the 
mucosal surface during its perfusion resulted in its stepwise hydrolysis to 
14C-PteGlu. This concept was supported by in vitro experiments in which 
similar hydrolytic products were identified after incubation of 4C—PteGlu, 
with homogenates of human intestinal mucosa but not after incubation with 
fasting intestinal luminal contents (6, 9). 


Table 1 Jejunal perfusion of labeled folates in normal subjects and in patients with celiac 
or tropical sprue?. 


Luminal disappearance 


Urinary recovery 


(% per 30 cm) (% per 48 hr) 
n 3H--PteGlu 14C_PteGlu, n 3H 14¢ 

Normal 9  -74.743.2 47.143.6 6 58.642.5 34.822.8 
Celiac sprue 

untreated 6 8.8+2.7 4.5+2,2 4 35.544.7 16.3+4.9 

treated 6 31.642.7 19.1+1.1 4 60.0+4.7 35.544.2 
Tropical sprue 

untreated 6 25.44+2.9 20.7£2.2 6 35.7+4.5 16.3+3.0 

treated 6 59.74£7.3 47.9+5.6 6 59.4+4.2 36.0+1.7 


äaJenunal perfusion solutions were isotonic saline containing equimolar concentrations 
of 3H—PteGiu and 14c_PteGiuy (2 uM in normal and celiac sprue studies, 6.75 uM in tro- 
pical sprue studies). In each group the absorption of 3H-—PteGlu significantly exceeded 
that of 14C_PteGiu7, when expressed either as luminal disappearance or as urinary iso- 
tope recovery. Appropriate treatment of celiac or tropical sprue resulted in significant 
improvement of absorption of each labeled folate. Data summarized from References 
6, 7,9, and 40. 
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Folate Conjugase 

In comparison to its activity in bile, gastric, or pancreatic juice, the hy- 
drolytic enzyme folate conjugase is concentrated several hundred-fold in the 
jejunal and ileal mucosa (10). In the chicken, purified intestinal folate 
conjugase is an endopeptidase (11). Several groups described guinea pig or 
rat intestinal folate conjugase as a lysosomal enzyme with a pH optimum 
of 4.5 (12-14). Recent studies from our laboratory defined two separate 
folate conjugase activities in human jejunal mucosa: one located on the 
brush border surface with a neutral pH optimum and the other located 
within the cell with an acid pH optimum (15). In the context of our jejunal 
perfusion studies (Figure 1), the brush border enzyme may play a critical 
role in the hydrolysis of PteGlu,,. 


Absorption of PteGlu 


Human intestinal perfusion studies showed that the absorption of PteGlu 
is maximal in the jejunum but negligible in the ileum (16), is enhanced by 
the presence of glucose (17), and is decreased by alklalinization of the 
perfusion solution (18). Since PteGlu is weakly acidic, its absorption might 
be enhanced by lowering pH, thus increasing nonpolarity and membrane 
diffusability (19). However, because of the presence of several dissociation 
constants (20, 21), PteGlu is nonpolar over a very narrow pH range between 
6.0 and 6.5, and its uptake from the perfused rat jejunum, maximal at pH 
6.0, is decreased both by acidification and alkalinization of the perfusate 
(20). 

Other researchers described a binding protein on the brush border surface 
(22). The overall transport of PteGlu is best described as a two-phase 
system, with saturable (zero-order) kinetics below and linear (first-order) 
kinetics above a PteGlu concentration of about 10 uM (23, 24). “Saturabil- 
ity” may in fact be largely related to metabolic conversion of the molecule 
during its transport. Several groups have shown that reduction, methylation 
(25, 26), and formylation (27) occur during in vitro transport at low concen- 
trations, whereas PteGlu is recovered unchanged from the human umbilical 
(portal) vein after oral administration of larger pharmacologic doses of the 
vitamin (28). The description of several infants with megaloblastic anemia 
responding to parenteral but not oral PteGlu (29, 30) is strong evidence for 
genetic control over a specific transport process. 


FOLATE MALABSORPTION 


Drugs or mucosal disease can induce folate malabsorption by decreasing 
the hydrolysis of PteGlu, or the transport of PteGlu. Several authors 
place considerable emphasis on the potential effect of altered intraluminal 
pH on PteGlu absorption. Clinical conditions in which malabsorption con- 
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tributes to folate deficiency include celiac and tropical sprue, and the 
chronic use or abuse of certain drugs including alcohol, diphenylhydantoin 
(Dilantin®), and Azulfidine®. Although the chronic use of oral contracep- 
tives may induce changes in morphology suggestive of altered cellular folate 
metabolism, the serum folate level is normal (31, 32), as is the absorption 
of PteGlu,, and the activity of jejunal folate conjugase (32). 


Sprue 

Celiac and tropical sprue are each characterized by generalized malabsorp- 
tion and the common clinical presentation of megaloblastic anemia due to 
folate deficiency (33, 34). The gut lesion of celiac sprue occurs mainly in 
the upper intestine and is characterized by flattening of the villi and hyper- 
plasia of the crypt epithelium, which responds in most cases to exclusion 
of gluten from the diet. On the other hand, the blunted or flattened villi of 
tropical sprue are associated with decreased mitoses and nuclear enlarge- 
ment in the regenerative crypt epithelium (35). In most patients with tropi- 
cal sprue the malabsorption syndrome and gut histology are corrected by 
combined treatment with folic acid and antibiotics. 

Folate malabsorption was documented in patients with celiac or tropical 
sprue in studies that measured serum levels after an oral dose (36, 37) or 
the disappearance of labeled folate from the perfused jejunum (6, 38-40). 
A proposal that the malabsorption of PteGlu in celiac sprue is due to the 
injured mucosa’s inability to maintain an optimal acid microclimate for 
absorption (19) was supported by the recent finding of small but significant 
increases in surface pH in mucosal biopsy specimens obtained from un- 
treated patients (41). However, MacKenzie & Russell (18) found no corre- 
lation between decreased jejunal uptake of PteGlu and unchanged 
intraluminal pH in their perfusion studies of celiac sprue patients. We 
found significantly decreased jejunal uptake of perfused *>H-PteGlu and 
4C_PteGlu; in untreated celiac and tropical sprue patients as compared to 
results obtained in the same patients after treatment (6, 40) (Table 1) even 
though intraluminal pH was neutral or slightly acidic. In the celiac sprue 
patients, distal small bowel adaptation to folate absorption was suggested 
by finding a disproportionate excretion of each label in the urine (a measure 
of total intestinal absorption) as compared to the calculated jejunal uptake 
from the perfused jejunal segment (7). 


Alcoholism 


Folate deficiency, defined as megaloblastic anemia with a low serum folate 
level, occurred in 40 and 61% of derelict alcoholic patients studied at three 
different municipal hospitals, but was less frequent in well-to-do alcoholics 
(42). Potential causes of folate deficiency in alcoholism include poor diet, 
intestinal malabsorption, and defective metabolism due to associated liver 
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disease. Malabsorption of 7#H-PteGlu was documented in two studies of 
recently drinking malnourished alcoholics (43, 44). In a prospective study, 
decreased jejunal uptake of 73H-PteGlu was induced in patient volunteers 
by feeding a folate-deficient diet to which was added alcohol equivalent to 
a daily pint of whiskey (45). This study suggested that PteGlu malabsorp- 
tion in chronic alcoholism results from a synergistic effect of folate depriva- 
tion and ethanol toxicity on transport processes in the mucosa. To date, 
there are no studies of the effect of chronic or acute alcoholism on the 
absorption of PteGlu, or on the activity of intestinal folate conjugase. By 
contrast, a recent study of nondrinking alcoholic patients with pancreatic 
insufficiency suggested that the absorption of 7H—PteGlu, indirectly mea- 
sured by urine isotope recovery after an oral dose, was enhanced because 
of alkaline intraluminal pH (46). 


Diphenylhydantoin (Dilantin) Therapy 

Folate deficiency occurs in up to two thirds of epileptic patients who chroni- 
cally receive Dilantin (47). An inhibitory effect of chronic Dilantin use on 
the absorption of PteGlu was suggested by several studies in drug-treated 
epileptics showing a less than normal rise in serum folate after an oral dose 
of PteGlu (48, 49). Benn et al (49) ascribed PteGlu malabsorption to in- 
traluminal alkalinization, since duodenal pH was elevated in their patients, 
and since in normal subjects the serum folate rise could be acutely inhibited 
by either 300 mg of Dilantin or 10 g of oral bicarbonate (49). However, 
using the same method, Perry & Chanarin (50) found no acute effect of a 
similar dose of Dilantin or bicarbonate on the absorption of PteGlu or 
PteGlu, folate. Other evidence fails to support the intraluminal alkalinizing 
effect of Dilantin (51). Gerson et al (52) showed that the jejunal uptake of 
3H-—PteGlu in normal volunteers could be suppressed by the addition of 
Dilantin to the perfusion solution in a concentration known to occur in- 
traluminally after a single tablet, but not sufficient to change the pH of 
the perfusate. The effect of Dilantin on the hydrolysis and absorption of 
PteGlu,, is less well understood. Two studies purporting to show Dilantin 
inhibition of intestinal folate conjugase (53, 54) were not confirmed by 
another (55). 


Salicylazosulfapyridine (Azulfidine) 

Folate deficiency in inflammatory bowel disease (Crohn’s disease and ulcer- 
ative colitis) results partly from intestinal malabsorption, which may be 
specifically aggravated by the therapeutic agent Azulfidine. Franklin & 
Rosenberg (56) found significantly less urinary isotope excretion after oral 
3H-PteGlu in patients receiving Azulfidine that in those who were not, and 
that a single 1-g dose of Azulfidine decreased the serum folate rise after 
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administration of oral PteGlu to normal subjects. In vitro, azulfidine, but 
not its metabolites sulfapyridine or 5-amino-salicylic acid, inhibited the 
uptake of 7H-PteGlu by rat everted intestinal rings (56). The mechanism 
of Azulfidine suppression of PteGlu absorption might relate to altered me- 
tabolism, since the same group recently showed that activities of several 
hepatic folate-dependent enzymes could be competitively inhibited by 
Azulfidine in concentrations known to impair the intestinal transport of 
3H-PteGlu (57). 


SUMMARY 


Folates, which appear in the diet principally as PteGlu,, forms, are hydro- 
lyzed to the PteGlu form by intestinal mucosal folate conjugase. Evidence 
based on jejunal perfusion studies and a recent demonstration of brush 
border folate conjugase activity suggests that the hydrolytic step occurs on 
the mucosal surface prior to entry of PteGlu into the absorbing cell. The 
normal absorption of PteGlu, maximal in the jejunum, is affected by in- 
traluminal pH and may require the sequential steps of membrane binding 
and transport, followed by intracellular reduction and methylation, prior to 
its appearance in the portal blood. Although convincing data indicate that 
folate absorption is decreased in diseases of the intestinal mucosa, and after 
the chronic administration of certain drugs, mechanisms of folate malab- 
sorption are incompletely understood. For example, proof of the intriguing 
hypothesis that folate absorption is affected by diseases or drugs that alter 
intraluminal pH requires experimental design which measures pH and 
absorption simultaneously. Results from the jejunal perfusion method ap- 
parently disproved this association in celiac sprue patients (6, 18) and in 
normal subjects administered Dilantin (52). Greater understanding of the 
mechanisms of folate malabsorption will follow more precise definition of 
the effects of diseases and drugs on pH and on the various enzyme systems 
required for folate digestion and transport. 
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INTRODUCTION 


During formation of hemostatic plugs and thrombi, platelets (a) adhere to 
collagen and other components in the damaged vessel wall; (6) release 
granule contents including ADP; (c) aggregate; (d) accelerate the forma- 
tion of thrombin; and (e) give rise to prostaglandins G, and H, (PGG, and 
PGH,) and thromboxane A, (TXA,). These compounds augment platelet 
aggregation and the release reaction. The damaged vessel wall also forms 
prostacyclin (PGI,) that can inhibit platelet adherence, aggregation, and 
release. The enzymes involved in the formation of prostaglandins and 
TXA; in platelets and inhibitors of their formation are being actively inves- 
tigated with the aim of inhibiting the contribution of platelets to thrombo- 
embolism (50, 51). 

In tissues, the prostaglandins arise from 20-carbon polyunsaturated fatty 
acids in the phospholipids of cell membranes; arachidonic acid is the major 
precursor. However, the first prostaglandin tested for its effects on platelets 
was prostaglandin. E; (PGE), which is formed from dihomo-y-linolenic 
acid (30, 43, 47, 48). In 1966 Kloeze (42) demonstrated that PGE, inhibits 
platelet aggregation; other researchers subsequently found that it increases 
platelet cyclic AMP (31, 32). PGD, and PGI), which are formed from 
arachidonic acid, also increase cAMP in human platelets by. stimulating 
adenylate cyclase. PGI, is much more potent than the other prostaglandins. 
Compounds such as dipyridamole that inhibit platelet phosphodiesterase 
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prevent the breakdown of cAMP and may augment the effects of these 
prostaglandins (32, 47). Increased cAMP may make internal calcium un- 
available for the calctum-dependent platelet reactions that are involved in 
adherence, shape change, aggregation, and release (29-32). 

A significant development in the 1970s was the demonstration by Sa- 
muelsson’s group that platelets form PGG»2, PGH, and TXA, (58). These 
are short-lived compounds, and TXA; is a potent aggregating and release- 
inducing agent. Whether or not PGH; can itself induce aggregation without 
first being converted to TXA, is still an unsettled question (30). 


ARACHIDONIC ACID CONVERSION 

A major advance has been the delineation of the pathways involved in 

prostaglandin formation (Figure 1) (30, 44). A key step in the formation of 

prostaglandins is the freeing of arachidonate from membrane phospholip- 

ids.! When platelets are stimulated, phospholipase A; is activated, probably 

by mobilization of calcium, and catalyzes the cleavage of arachidonic acid ` 
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2 
Figure 1 Metabolism of arachidonic acid and biosynthesis of prostaglandins (PG) and 
thromboxanes in platelets and vascular tissues (43). HPETE = 12-1-hydroperoxy — 5,8,10,14- 
eicosatetraenoic acid; HETE = 12-:-hydroxy — 5,8,10,14-eicosatetraenoic acid; HHT = 12- 
t-hydroxy —5,8,10-heptadecatrienoic acid; MDA = malondialdehyde. i 


1It has recently been recognized that phospholipase C and diglyceride lipase may be respon- 
sible for freeing arachidonate from membrane phospholipids instead of, or in addition to, 
phospholipase A,. (Rittenhouse-Simmons, S. 1979. J. Clin. Invest. 63:580-87; Bell, R. L., 
Kennerly, D. A., Stanford, N., Majerus, P. W. 1979. Proc. Natl. Acad. Sci. USA 76:3238-41.) 
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from the second position on phospholipid molecules, principally phosphati- 
dyl choline and phosphatidyl inositol (9, 10); this does not occur in the 
resting state. The release of platelet granule contents accompanies the acti- 
vation of phospholipase A,. Release-inducing agents, such as collagen and 
thrombin, have all been shown to activate phospholipase Ap. 

If endothelial cells are mechanically stimulated or exposed to agents such 
as thrombin (20, 65, 66), their phospholipase A, is activated and they 
rapidly form PGI, from the arachidonic acid that is liberated (Figure 1). 
Stimulated smooth muscle cells form lesser amounts of PGI, (46). 


INHIBITION OF THROMBOXANE A, FORMATION 


Inhibition of Phospholipase A> 


Agents that inhibit the action of phospholipase A, or prevent its activation 
inhibit the removal of arachidonic acid from membrane phospholipids and 
thus block the formation of the products formed from it. These agents 
include steroidal anti-inflammatory drugs and their metabolites (28, 35), the 
antimalarial drug mepacrine (10), and other membrane-active drugs (25). 
In many cases, however, compounds that inhibit phospholipase A, also 
inhibit other enzymes so their effects are not specific. There is some uncer- 
tainty about the effect of the anti-inflammatory steroids on platelet phos- 
pholipase A, (59), although concentrations of methylprednisolone that 
inhibit platelet aggregation prevent phospholipase A, activation (J.-P. 
Cazenave and J. F. Mustard, unpublished observations). Since platelet 
ageregation and the release of granule contents can occur through mecha- 
nisms that do not involve activation of the arachidonate pathway (40), these 
drugs would be expected to cause only partial inhibition of platelet aggrega- 
tion at a site of vessel wall injury. 


Inhibition of Cyclo-Oxygenase 


Aspirin inhibits platelet aggregation and the platelet release reaction be- 
cause it causes irreversible acetylation of the cyclo-oxygenase of platelets 
(57). This inhibition persists for the life of the platelets and thus the effect 
of aspirin may be apparent as long as seven days after a single dose. By 
acetylating the cyclo-oxygenase, aspirin inhibits the conversion of freed 
arachidonate to the active intermediates PGG, PGH,, and TXA; and the 
more stable end products. Cyclo-oxygenase is also inhibited by nonsteroidal 
anti-inflammatory drugs such as indomethacin, phenylbutazone, and feno- 
profen and by sulfinpyrazone, but their effects are lost when they or their 
active metabolites are removed from the circulation (2, 13, 55). 
However, inhibition of cyclo-oxygenase in vivo can not completely block 
platelet aggregation and the release of platelet granule contents because 
aggregation and release can occur through mechanisms independent of the 
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products formed from arachidonic acid (40). Primary ADP-induced aggre- 
gation occurs without activation of the arachidonate pathway. The non- 
steroidal anti-inflammatory drugs only partially inhibit thrombin-induced 
aggregation and release, because thrombin also can act through pathways 
independent of the arachidonate pathway (40). 

Although the nonsteroidal anti-inflammatory drugs are weak or ineffec- 
tive inhibitors of platelet adherence to collagen or of the release of granule 
contents from the platelets actually adherent to collagen (39), the drugs do 
inhibit the formation of TXA, and thereby inhibit collagen-induced platelet 
aggregation. However, experimental evidence that inhibition of the cyclo- 
oxygenase in platelets strongly inhibits thrombosis is far from conclusive 
and has only been obtained in some circumstances (51). For example, 
studies with arteriovenous shunts in dialysis patients have shown that aspi- 
rin or sulfinpyrazone, both of which inhibit cyclo-oxygenase, do diminish 
the frequency and extent of thrombus formation (15, 37). 


Inhibition of Thromboxane Synthetase 


There are more selective inhibitors of platelet aggregation and release due 
to products formed from arachidonate: they inhibit thromboxane synthe- 
tase without affecting other enzymes involved in the conversion of arachido- 
nate to prostaglandins such as PGI, synthetase of the vessel wall. Throm- 
boxane A, receptor antagonists have also been described (3, 30, 34, 60). 


EFFECTS OF PGI, AND INHIBITION 
OF ITS FORMATION 


It has been suggested that PGI, formed by vessel walls or in the lungs, is 
a circulating hormone and is responsible for preventing platelets from ad- 
hering to normal endothelium (47). However, even when PGI, formation 
is prevented by aspirin, platelets do not adhere to normal endothelium (22). 
When the endothelium is lost, platelets rapidly adhere to the exposed suben- 
dothelium; PGI, in high concentrations inhibits this adherence, but only by 
about 50% (17, 33, 64). Attempts to demonstrate that inhibition of PGI, 
production in vivo leads to increased platelet accumulation on the subendo- 
thelium of the aorta have failed (22), but the PGI, formed in large vessels 
where blood fiow is rapid is unlikely to be present in sufficiently high local 
concentrations to influence platelet accumulation. Nevertheless, PGI, 
formed by the vessel wall may be an inhibitor of thrombosis associated with 
vessel injury under some circumstances. 

PGE, and PGI, inhibit thrombus formation in extracorporeal circula- 
tions (1, 18, 47). In the microcirculation, where the volume of fluid in the 
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vessels is small, stimulation of the vessel wall may trigger formation of 
sufficient PGI, to affect thrombosis, particularly if stasis occurs. Inhibition 
of PGI, formation in the microcirculation enhances platelet aggregate for- 
mation (12, 56). Since PGI, formation by the vessel wall, particularly when 
the wall is stimulated, may be important in limiting the extent of thrombus 
formation, concentrations of anti-inflammatory drugs that inhibit PGI, 
production may conceivably enhance thrombosis. 

The platelet cyclo-oxygenase has been reported to be more sensitive to 
acetylation by aspirin than is the cyclo-oxygenase of the vessel wall (14). 
This observation has led to the suggestion that low doses of aspirin may be 
optimum for inhibition of thrombus formation, and that high doses may be 
less effective and even thrombogenic under some circumstances (16). There 
is some support for this concept from studies with experimental animals. 
Kelton and his colleagues (38) found that administration of high doses of 
aspirin, which inhibited PGI, formation, enhanced thrombosis produced by 
injury of the jugular veins of rabbits. In these studies thrombin probably 
stimulated formation of PGI, which in turn inhibited platelet aggregation 
and thrombosis. More extensive thrombosis occurred when sufficient aspi- 
rin was used to inhibit the increased PGI, formation at the injury site. 
Arfors’ group (5, 8) also observed that doses of aspirin high enough to 
inhibit PGL production did not inhibit thrombus formation at sites of vessel 
injury and caused more rapid arrest of bleeding than occurred in untreated 
animals. Inhibition of PGI, production in the jugular vein of thrombocyto- 
penic rabbits allows the vessel wall to contract around a puncture site and 
shortens the bleeding time (11). Low doses of aspirin (0.3 g) prolong the 
bleeding time whereas in some circumstances high doses do not appear to 
have an effect on the bleeding time in man (54). 

This experimental evidence indicates that high doses of aspirin can en- 
hance thrombus formation in situations where PGI, formation would be 
strongly stimulated in the absence of aspirin; however, this may not occur 
in areas with less capacity to form PGI,, such as on atherosclerotic plaques 
(21). There is no indication that the high doses of aspirin given to humans 
under some circumstances are thrombogenic. In contrast, in one study in 
which patients underwent knee surgery, high doses of aspirin were benefi- 
cial whereas low doses did not affect the incidence of thromboembolic 
complications (45). It is not known whether or not the high doses of aspirin 
were sufficient to inhibit PGI, formation. 

Compounds that stimulate the vessel wall to produce PGI, could be 
antithrombotic; BAY g 6575 reportedly raises circulating PGI, levels in 
man (62). However, the hypotensive effect of such treatment (6, 27) is cause 
for concern. 
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CLINICAL TRIALS 


In clinical trials, aspirin has had only a limited effect on those clinical 
complications of atherosclerosis considered to be thromboembolic (7, 19, 
24, 26). If thromboembolism is the principal mechanism causing the clinical 
complications in patients with transient attacks of cerebral ischemia (TIA), 
aspirin might be expected to reduce the incidence and severity of the com- 
plications. In the Canadian Stroke Study (7) a beneficial effect of aspirin 
could only be shown if a number of endpoints (i.e. TIAs, strokes, and death) 
were used to compare the control and treated groups of patients; the benefit 
was restricted to males. If aspirin had a powerful effect on thrombosis and 
embolization, one would have expected the frequency of TIAs in this study 
to be greatly diminished but it was not. 

In the Anturane Reinfarction Trial (4), sulfinpyrazone therapy, begun 
25-35 days after myocardial infarction, reduced sudden cardiac deaths by 
57%. This effect appeared to be restricted to the first six months after 
infarction. Sulfinpyrazone had no effect on subsequent myocardial infarc- 
tion. In two studies, aspirin did not significantly reduce deaths after myo- 
cardial infarction (19, 24), but most of the patients did not receive aspirin 
until several months after infarction. However, in Elwood’s study (24) one 
group of patients was treated with aspirin soon after infarction and showed 
a 40% reduction in cardiac deaths. Unfortunately, the study design did not 
permit conclusions to be drawn from these observations. To determine 
whether or not aspirin will have the same effect as sulfinpyrazone in the 
immediate post infarction period a controlled clinical trial will have to be 
carried out. Recent experiments in animals demonstrate that both aspirin 
and sulfinpyrazone can prevent sudden death associated with myocardial 
ischemia in circumstances where platelet aggregation does not occur (49, 
63). The arachidonate pathway may be activated in ischemic tissue (36), 
giving rise to products that cause ventricular fibrillation. If so, aspirin and 
sulfinpyrazone would inhibit the formation of such products; an effect of 
this sort could overshadow their effects on platelets in the prevention of the 
clinical complications of arterial disease. 


DIETARY FATTY ACIDS 


The effect of dietary fatty acids on thromboembolic events and the develop- 
ment of atherosclerosis is attracting attention. The studies of dietary linoleic 
acid enrichment are inconclusive (52). Enriching diets with dihomo-y- 
linolenic acid decreases the sensitivity of platelets to collagen and thrombin, 
probably because this fatty acid replaces arachidonic acid in the platelet 
phospholipids and gives rise to PGE), PGG), and TXA,, instead of TXA, 
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(48, 67). It was recently proposed that diets rich in eicosapentaenoic acid 
would decrease platelet sensitivity to aggregating agents since TXA; (which 
does not aggregate platelets) is formed from this fatty acid. In the vessel 
wall, PGI; is formed from eicosapentaenoic acid and is similar to PGI, in 
its ability to inhibit platelet reactions (23). These findings indicate that the 
thromboembolic complications of atherosclerosis may be modified by con- 
trolling the fatty acid content of the diet. 


SUMMARY 


Release of arachidonate from cell membrane phospholipids by activation of 
phospholipase A, is a key step in the formation of prostaglandins and 
thromboxanes. In platelets, PGH, and TXA, are formed from arachidonate 
and can cause aggregation and the release of granule contents; in vascular 
tissue, PGI, is formed instead and, by increasing platelet cAMP, inhibits 
platelet reactions. There is considerable interest in inhibitors of the enzymes 
in these pathways as drugs to modify thrombus formation. Results of the 
clinical trials, however, indicate that drugs which inhibit cyclo-oxygenase 
may not have a major effect on the thromboembolic complications of ar- 
terial disease. 
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AND ATHEROSCLEROSIS 
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The circulating lipoproteins range in diameter from less than 5 nm to 
greater than 500 nm. The larger the particle size the greater is its lipid 
content relative to protein and the lower is its density. These differences 
permit the separation of lipoproteins into density classes by ultracentrifuga- 
tion (1). When suspended in a solution of density 1.063 g/ml and subjected 
to an intense centrifugal field, particles less dense than the solution float to 
the surface while the remainder sink as sediment. Many density classes can 
be prepared in this way (preparative ultracentrifugation) by suitable adjust- 
ment of the solvent density. The major classes currently defined are listed 
in Table 1. 

Chylomicrons are not normally found in fasting plasma, and any present 
float to the surface after standing at 4°C for more than 24 hours. In the older 
nomenclature still in use, the term low density lipoprotein covered the range 
1.006-1.063 g/ml. Total high density lipoprotein (HDL) is considered to 
be HDL, + HDL;. 

Several methods exist for the quantitation of the separated lipoproteins. 
In the earliest procedure (analytical ultracentrifugation), the lipoproteins 
are identified by flotation rate (units being the Svedburg of flotation) and 
quantified according to the area occupied within the photographic record 
obtained with a schlieren optical system. Lipoprotein concentrations are 
described more easily, however, by lipid analysis (2) as lipoprotein choles- 
terol or triglyceride. 

While ultracentrifugation remains the reference method, simpler tech- 
niques of separation give similar results. These include precipitation, im- 
munoassay, and electrophoresis. The separation of total HDL is usually 
achieved by precipitation of LDL, IDL, and VLDL with polyanions and 
divalent cations (3), especially heparin and manganese (4), leaving HDL in 
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Table 1 Density classes of circulating lipoproteins 


Lipoprotein class Density range (g/ml) 


Very low density lipoprotein (VLDL) 


and chylomicrons Less than 1.006 
Intermediate density lipoprotein (IDL) 1.006-~1.019 
Low density lipoprotein (LDL) 1.019-1.063 
High density lipoprotein 2 (HDL.) 1.063~1.125 
High density lipoprotein 3 (HDL) ° 1.125~1.210 


the supernatant. Care must be taken to ensure complete precipitation of 
LDL and to obtain an accurate estimate of cholesterol concentration. Small 
differences in HDL cholesterol concentration are associated with large 
differences in liability to coronary heart disease (CHD), so that measure- 
ment error can lead to faulty prognosis. Storage of whole plasma at -20°C 
before separation of the lipoproteins, especially for more than 3 months, can 
lead to an underestimate of HDL cholesterol concentration. About 5% of 
total: HDL as separated by preparative ultracentrifugation consists of an 
HDL species that is heparin-manganese precipitable (HDL,) (5). Thus the 
two methods measure very similar but not identical HDL fractions. Im- 
munodiffusion assays against the peptides apoprotein A-I and A-II (which 
are, except in rare instances, confined to HDL in fasting plasma) permit 
quantitation of total HDL (including HDL, apo A-I) in terms of its protein 
content (6). Electrophoretic techniques, which rely on differences in-elec- 
trical charge between lipoproteins, are convenient but not easy to quantify 
accurately. 

The only obligatory characteristic of HDL particles is that they possess 
a density between 1.063 and 1.210 g/ml; in fact they are a very heterogene- 
ous group (7). Circulating particles consist normally of a core of apolar 
cholesterol ester and triglyceride enveloped by a shell of specific apoproteins 
and phospholipids. The hydrophobic fatty acid chains of: the surface phos- 
pholipids are orientated toward the core. Free cholesterol appears to be at 
the core-shell interface. The HDL; subclass has a smaller mean particle 
diameter (5 nm) and lipid-to-protein ratio (0.8) than HDL, (8 nm and 1.4 
respectively). The lipid composition of both subclasses is about 38% phos- 
phatidylcholine, 27% cholesterol ester and 6% triglyceride by weight; other 
phospholipids, glycerides, and free cholesterol account for the remainder. 

High density lipoproteins contain at least eight recognized apoproteins 
(7). Apoprotein A-I and A-II account for about 66% .and 25% of total 
HDL protein respectively and the remainder comprises the minor peptides 
apo C-I, C-II, C-III, D, E, and a trace of B (the major apoprotein of LDL). 
Those particles containing E and B reside in HDL, and are precipitated by 
the heparin-manganese procedure. 
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PLASMA HDL AND CORONARY HEART DISEASE 


The earliest lipoprotein studies in CHD revealed an array of abnormalities 
that could be termed an atheromatous dyslipoproteinemia. In its simplest 
form, it was a reduction in HDL total particle concentration and an increase 
in the particle concentration of lipoproteins of density less than 1.063 g/ml 
(8). Because high plasma lipid levels were believed responsible for athero- 
sclerosis, attention was focused on those lipoproteins that were increased 
in concentration. High density lipoproteins were considered relatively un- 
important since they made no direct contribution to increased lipid concen- 
trations. Researchers looked for the atherogenic lipoprotein or combination 
of lipoproteins within the LDL, IDL, VLDL spectrum. Repeated reports 
of a low HDL concentration in atherosclerosis (9, 10) failed to create 
interest, until the “HDL hypothesis” proposed that HDL cleared choles- 
terol from extrahepatic tissues (11). During turnover, cholesterol must be 
transported within the circulating lipoproteins back to the liver, the only 
organ which can catabolize and excrete cholesterol in significant quantity. 
Should this pathway require HDL, and should HDL formation be rate 
limiting for this section of the cholesterol transport cycle, then a low HDL 
particle concentration might be associated with impaired clearance of cho- 
lesterol from the arterial intima. 

The relation between HDL and CHD has been examined cross-section- 
ally in nearly 7000 men and women over 39 years old from five populations 
in the US (12). In every community the mean HDL cholesterol concentra- 
tion was lower in subjects with CHD than in the remainder. The difference 
was often small (3-6 mg/100 ml) but statistically significant and indepen- 
dent of other recognized lipid risk factors. Furthermore, the relation applied 
within each age group and for each category of CHD. In men 50-69 years 
old, CHD prevalence (per 1000 subjects) ranged from 180 in those with an 
HDL cholesterol of less than 24 mg/100 ml, to 78 in those with an HDL 
cholesterol of more than 45 mg/100 mi. 

Recent results from prospective studies confirm that a low HDL concen- 
tration precedes clinical CHD and that the association is independent of 
other coronary risk factors. In the Norwegian municipality of Tromsø, 6595 
men 20-49 years old were observed, beginning in 1974 (13). By 1976, 21 
men had had a coronary event. Results available for 17 of these 21 men were 
compared with those of 31 controls matched for age, area of residence, and 
reported habitual physical activity. Mean plasma HDL cholesterol con- 
centrations were 26 and 39 mg/100 ml in cases and controls respectively 
(P < 0.005), while LDL cholesterol averaged 222 and 190 mg/100 ml 
respectively (P < 0.005). HDL cholesterol was three times more effective 
than LDL cholesterol in distinguishing between cases and controls. Plasma 
HDL cholesterol concentrations reported were generally low, probably 
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owing to storage of the samples as whole plasma for two years before 
analysis, but this would not have affected the validity of internal compari- 
sons. Mean apoprotein A-I concentrations were 105 and 140 mg/100 ml in 
cases and controls respectively (P < 0.02) (14). A similar study has been 
reported from Oslo (15) where nearly 15,000 men 40-49 years old were 
examined in 1972-1973. Men who developed CHD by 1977 had had as a 
group a 10% lower HDL cholesterol concentration at entry to the study 
than others still free of overt disease. This significant difference remained 
after allowance for triglyceride concentration and smoking habit. 

In Framingham, Massachusetts, nearly 2500 men and women 49-82 
years old were observed for about four years (16). Here also HDL choles- 
terol concentration emerged as the most potent lipid risk factor in both 
sexes (P < 0.001). The association applied to all forms of CHD and was 
independent of other coronary risk factors. Plasma LDL cholesterol con- 
centration was correlated positively but less powerfully with the incidence 
of CHD (P < 0.05). In Israel approximately 10,000 men 40 years or older 
have been followed since 1963. Serum HDL cholesterol concentration was 
measured sometime later in an apparently representative subsample of 6562 
men (17). A significant inverse association between HDL cholesterol and 
subsequent CHD, independent of other risk factors, was present in men 
over the age of 45 years, but not in men younger than 45 years. 

The great majority of comparisons of lipoprotein concentrations in myo- 
cardial infarction survivors and subjects without CHD have shown low 
HDL concentrations in the survivors (18, 19). Albers et al (18) found a 
significant reduction in the ratio of HDL cholesterol to apoprotein A-I in 
those with CHD, perhaps owing to a disproportionately large reduction in 
HDL, compared to that in HDL; (9). Further support is provided by 
coronary angiography. In one study (20), the lowest HDL cholesterol con- 
centrations were found in patients with extensive coronary disease while in 
another (21) the lowest concentrations were associated with left main coro- 
nary disease. 


HDL METABOLISM IN RELATION 
TO ATHEROSCLEROSIS 


Human metabolism of HDL is beginning to be understood, and there is 
sufficient information with which to construct a working theory for further 
study. Unlike chylomicrons and VLDL, HDL particles are not secreted as 
such into the circulation but appear to be assembled within the plasma from 
precursor components derived from the small intestine, liver, and, in the 
case of HDL cholesterol, the extrahepatic tissues and other circulating 
lipoproteins. 


LIPOPROTEINS AND ATHEROSCLEROSIS 101 


The intestine synthesizes apoprotein A-I and probably also A-II as sur- 
face components of mesenteric chylomicrons (22). The triglyceride core of 
these particles is hydrolyzed by extrahepatic lipoprotein lipase, and the fatty 
acids released are taken up by the tissues or transferred to albumin. Lipo- 
protein lipase is activated by apoprotein C-II present in HDL, VLDL, and 
chylomicrons. During lipolysis, apoprotein A-I, apo-C peptides and phos- 
pholipid leave the surface shell and appear within the HDL density range. 
- Apoprotein A-I has an avidity for phospholipid, with which it forms disc- 
like particles in vitro. These and other observations led Tall & Smali (23) 
to propose that with shrinkage of the chylomicron core during lipolysis, the 
surface monolayer of the particle is thrown into bilayered folds that break 
away as discrete particles. These apoprotein-phospholipid discs appear to 
be a nascent form of HDL. 

Extrahepatic lipoprotein lipase is located on the capillary endothelial cell 
surface of such tissues as adipose tissue, muscle, and heart. Its activity 
fluctuates according to local requirements for triglyceride. For example, 
muscle lipoprotein lipase activity increases with high levels of physical 
activity (24). Lipolysis of chylomicrons by this enzyme would not only 
release fatty acid for energy purposes but also perhaps deliver in high local 
concentration to the same tissues nascent HDL particles rich in apoprotein 
A-I. Lipolysis of hepatic VLDL would not release an identical nascent 
HDL since the surface monolayer of these particles does not possess apo- 
protein A-I (7). 

Lipoproteins circulate in association with the enzyme lecithin-cholesterol 
acyltransferase (LCAT), which catalizes the esterification of free cholesterol 
with the formation of lysolecithin from lecithin. Apoprotein A-I (25) and 
perhaps apo C-I and apo D act as cofactors; nascent HDL appears to be 
the preferred substrate (26). Thus LCAT may esterify nascent HDL free 
cholesterol and the ester product may then migrate into the HDL particle 
interior. The surface monolayer will then be free to acquire more unes- 
terified cholesterol from circulating lipoproteins and cell membranes. 

Circulating HDL appears to acquire cell cholesterol by binding to the 
surface membrane, apparently in proportion to local particle concentration. 
Very little HDL actually enters the cell (31). This binding interferes for a 
short period with LDL uptake by the cell, but thereafter cell cholesterol 
content decreases and LDL surface binding and uptake increase (32). A 
sequence of studies has demonstrated the removal of cholesterol from cells, 
first by whole serum (27) then by serum HDL (28) and certain HDL 
peptide-phospholipid recombinant particles (29). Nestel & Miller (30) 
found that cholesterol lost from adipocytes during weight reduction moves 
only into HDL and not into other circulating lipoproteins. This might 
explain the inverse relation between body cholesterol content and HDL 
cholesterol concentration (11). 
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As nascent HDL formation, cell binding, and cholesterol acquisition 
proceed, the particles become increasingly spherical, enlarged, less dense, 
and less suitable as substrate for LCAT (23). Concurrently, the chylomi- 
crons decrease in size, increase in density, and become less suitable as 
substrate for lipoprotein lipase. Both reactions are probably integrated with 
cellular requirements for cholesterol and triglyceride. Should nascent HDL 
behave in this manner, then the first circulating product might be HDL, 
since this is intermediate in size between nascent HDL and HDL). Subse- 
quent phases might involve VLDL of hepatic origin, for when these parti- 
cles are incubated with HDL, and lipoprotein lipase, surface components 
and cholesterol are transferred from VLDL to HDL3. The latter are thereby 
converted to particles that resemble HDL, (33). These interrelations may 
explain why the increase in lipoprotein lipase activity after physical training 
(24) appears to be associated with an increase in HDL, concentration (34) 
and reduction in VLDL concentration (35). 

Rat liver secretes a nascent HDL rich in apoprotein E (36). Whether 
similar particles are secreted by the human liver is uncertain, although 
nascent HDL is present in human hepatic venous biood (37). HDL particles 
containing apo E are present in human blood, particularly in response to 
a high cholesterol diet (38), and can compete powerfully with LDL for 
high-affinity binding sites on the peripheral cell surface membrane (5). 
Other HDL subclasses bind to separate receptors on the cell surface (39). 
The physiological role of HDL containing apo E remains to be determined. 

The fate of circulating HDL is uncertain, although some studies suggest 
that apoprotein A-I catabolism occurs in the hepatic parenchyma (40). 
Other studies suggest that HDL free cholesterol is the preferred source of 
cholesterol for biliary excretion and conversion to bile acid in man (41). 
These’ observations, and the low rate of uptake of HDL by some ex- 
trahepatic tissue cells in culture (31), suggest that the human liver ee 
be an important site of HDL catabolism. 

A lipoprotein designed to scavenge for cholesterol should be able to move 
freely in the extracellular space without being trapped in the mesh of 
glycosaminoglycans and without being engulfed by tissue cells. Circulating 
HDL appears to possess such qualities, for unlike LDL and VLDL these 
particles do not complex readily with heparin (a glycosaminoglycan) in 
vitro (3). These characteristics might explain why HDL makes little if any 
contribution to the lipid of atheromatous lesions. 


HDL IN PERSPECTIVE 


The HDL hypothesis offers an explanation for CHD in patients without 
hyperlipidemia. It also helps explain the relative protection of women as 
compared with men from CHD since in nearly all communities studied 
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women have had relatively high HDL concentrations (11). More impor- 
tantly, the hypothesis redresses the balance of cardiovascular research, 
which previously focused only on LDL, IDL, and VLDL. Plasma HDL 
must be integrated into a scheme that describes the relations of all circulat- 
ing lipoproteins to CHD. Low density lipoproteins remain in this scheme 
since they are undoubtedly the direct source of most lipid in atheroma. So 
also must VLDL be considered, since its concentration is linked closely with 
HDL, especially HDL, (42), probably through the lipoprotein lipase sys- 
tem. Furthermore, VLDL appears to be the major source of LDL in hu- 
mans (43). 

Across a range of communities, mean HDL cholesterol concentration 
decreases as mean LDL and VLDL concentrations increase. This reciprocal 
pattern seems to be pathological, for CHD incidence increases as it becomes 
more marked (12, 13, 16). Against this, data from communities in which 
CHD incidence is very low suggest that a low HDL concentration is physio- 
logical in the presence of a low LDL concentration (44), and that a high 
LDL concentration might be physiological in the presence of a high HDL 
concentration (45). Natural estrogens increase both VLDL and HDL con- 
centrations (46), while androgens exert the reverse effect (47). Thus the 
physiological correlations appear to be positive. These observations suggest 
that ratios such as LDL:HDL might provide an improved estimate of CHD 
risk, but this remains to be established. 

Relations between the plasma lipoproteins and other atheromatous dis- 
eases are not so clearly demonstrable as are those with CHD (48). Several 
studies report a low mean HDL cholesterol concentration in cerebrovascu- 
lar disease (49) and low HDL cholesterol and apoprotein A-I concentra- 
tions in peripheral vascular disease (50-52), but further study is required 
of HDL in these conditions. 


HDL AND PREVENTION OF CORONARY 
HEART DISEASE 


Estimates of CHD risk rest on an assessment of all lipoproteins. The 
mistake in the past was to ignore HDL; to ignore LDL and VLDL now 
would be similarly mistaken. In theory, HDL and LDL concentrations 
might be correlated by their roles in cell cholesterol metabolism. Prolonged 
exposure of cultured fibroblasts to HDL increases the cellular uptake of 
LDL (32) and presumably a suboptimal exposure to HDL would lead to 
repletion of the cell with cholesterol and suppression of LDL uptake. The 
importance of the splanchnic, hepatic, intravascular, and peripheral compo- 
nents of the lipid transport system for this ratio, and for the atherosclerotic 
process, require definition. 
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Dietary Polyunsaturated Fat and HDL 


Dietary polyunsaturated fat reduces LDL concentration in many subjects, 
but its effects on HDL metabolism are less certain. Limited evidence from 
human study suggests that the acute, short-term, and long-term effects of 
dietary polyunsaturated fat on HDL might differ significantly. If 40% of 
a diet’s calories are fat, a high ratio of polyunsaturated to saturated fat 
(P:S) has no significant effect on HDL after two weeks (53). Given for two 
weeks to two months, diets with a P :S ratio of between 1.0 and 4.0 appeared 
to reduce plasma apo A-I and sometimes also HDL cholesterol concentra- 
tion, especially HDL, (54). Long-term studies are not available for nor- 
molipidemic subjects. In hypercholesterolemic men, some of whom were 
also hypertriglyceridemic, adherence for four years to a 30% fat diet with 
an estimated P:S ratio of 1.0 was associated with an increase in HDL 
cholesterol and a reduction in LDL cholesterol concentration (55). In an- 
other study, good adherence to this type of regime for one year was asso- 
ciated with an increase in mean HDL cholesterol concentration from 48 to 
52 mg/100 ml (56). In a comparison of men in Stockholm and Edinburgh, 
those in Stockholm had the higher content of polyunsaturated fat in the 
plasma and adipose tissue (and presumably therefore in the diet) together 
with the higher HDL cholesterol concentration (57). Mean LDL cho- 
lesterol concentration did not differ significantly between the two com- 
munities. 


Other Dietary Factors 


Plasma HDL concentration is sensitive to acute changes in the proportion 
of calories supplied as dietary fat and carbohydrate. Change to a diet 
containing 80% of calories as carbohydrate and less than 1% as fat reduced 
HDL cholesterol and apoprotein A concentrations in five days (58). Long- 
term effects of carbohydrate-rich and fat-rich diets are less certain, although 
in one study HDL cholesterol concentration appeared to be independent of 
the proportion of calories consumed as fat over the year (59). 

An acute change from a cholesterol-free diet to one that contained 1000 
mg of cholesterol per day was accompanied after 2—4 weeks by an increase 
in HDL (and LDL) cholesterol concentration (60, 61), probably owing in 
part to an increase in the apo E subclass (38). Vegetarians have relatively 
low HDL and LDL concentrations and a relatively low LDL: HDL ratio 
(62). Addition of 16 g of crude fiber to the daily diet for four weeks did not 
effect HDL concentration (60). A daily supplement of 50 g of unprocessed 
wheat bran to the diet of five patients with type IV hyperlipoproteinemia 
was followed by an increase in HDL cholesterol concentration at three 
months which thereafter receded toward initial levels (63). 
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Other Factors of Importance for HDL Concentration 

Any study of diet, lipoproteins, and atherosclerosis must control for other 
factors that affect the plasma lipoproteins. Drugs such as alcohol (64), 
phenytoin (65), and estrogen (46) increase HDL cholesterol concentration 
while others such as propranolol reduce the concentration (66). Intensive 
physical training is associated with an increase in HDL, mostly as HDL, 
(34, 35). Loss of weight is sometimes (67) although apparently not always 
(68) followed by an increase in HDL concentration, and HDL cholesterol 
concentration has been observed to decrease during acute caloric restriction 
with weight loss (69). Cigarette consumption is inversely related to HDL 
cholesterol concentration (70). Febrile illness can induce a reduction in 
HDL cholesterol concentration that persists for several weeks (71). 


CONCLUSION 


The functions of HDL particles are uncertain, but they might regulate the 
cholesterol content of extrahepatic tissues. The majority appear to be prod- 
ucts of a system that promotes the efflux of cholesterol from peripheral cells 
and other circulating lipoproteins, presumably for transport to the liver for 
catabolism and excretion. A minor species that contains apoprotein E might 
moderate entry of LDL into peripheral cells by competing for specific 
receptors on the cell surface membrane. Convincing evidence for a low 
plasma HDL concentration in CHD emphasizes the need for a better under- 
standing of HDL metabolism, its relations with other lipoproteins, and the 
effects of such factors as diet, energy expenditure, cigarette smoking, and 
alcohol consumption. The importance of HDL for cerebral and peripheral 
atherosclerosis needs careful study. Clinical judgements concerning CHD 
require assessment of the complete lipoprotein spectrum including HDL. 
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INTRODUCTION 


The concept of respiratory failure with normal lungs emerged in the 1950s 
from reports of patients presenting with polycythemia, hypoxemia, and 
hypercapnia in the absence of intrinsic cardiopulmonary disease. The 
pseudonyms Pickwickian Syndrome (1) and Ondine’s Curse (2) helped 
identify, although perhaps not clarify, these patients with disordered venti- 
latory control to physiologists and clinicians. Recent years have seen tre- 
mendous advances in our understanding of the physiologic mechanisms 
involved. This subject, formerly considered the domain ‘of a dedicated few 
on the “neuropulmonary fringe” (3) has decidedly entered the field of 
clinical medicine. Here we review normal mechanisms of ventilatory con- 
trol and then discuss the integrated respiratory responses to stimuli such as 
hypoxia, hyperoxia, and denervation, acclimatization to high altitude, and 
acidosis and alkalosis. We conclude with an overview of some pathological 
states. 


NORMAL CONTROL MECHANISMS 


Breathing serves both a behavioral role (talking, laughing, etc) and a meta- 
bolic function. Voluntary breathing (behavioral) is controlled by the cortex, 
and automatic breathing (metabolic) by structures within the brain stem 
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with its afferent connections from chemo- and neuroreceptors. The output 


of these two subsystems is integrated with local reflexes from muscles and 
tendons to produce the definitive motor response. A schematic overview is 


given in Figure 1. 
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Figure.1 Schematic outline of the respiratory control system. (4) Spinal cord efferent path- 
ways (voluntary and automatic). (B) Vagal respiratory, motor efferents. (C) Spinal respiratory 
motor efferents. (D) Proprioceptors. (E) Vagal afferents (lung and upper airways). (E) Periph- 
eral arterial chemoreceptors. (G) Central medullary chemoreceptors. ` 
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Medullary Respiratory Center and Descending Spinal Tracts 


The locus for spontaneous breathing is in the brain stem medulla. The 
earlier concept of separate inspiratory and expiratory half centers 1s proba- 
bly no longer tenable. Rather, two dense bilateral aggregations of respira- 
tory neurons are involved both in initiating inspiration and expiration, and 
in incorporating visceral afferent impulses into the motor response (4). 

The first aggregation, the dorsal respiratory group, contains primarily 
inspiratory neurons. These provide the motor input to the phrenic nerves, 
drive the ventral respiratory neurons, and probably also integrate vagal 
afferent impulses (from the lungs and airways) into the respiratory motor 
response. 

A second neuron pool, the ventral respiratory group, contains both in- 
spiratory and expiratory cells, which drive spinal motor neurons of intercos- 
tal and abdominal skeletal muscle. Respiratory rhythmicity arises in the 
medulla, but the nature and mechanism of the “pacemaker’s” action is still 
under investigation (4). 


Spinal Pathways and Integration 

Axons from the dorsal and ventral respiratory neurons in the medulla cross 
the midline and descend in the ventrolateral columns of the cord. Expira- 
tory and inspiratory tracts are spatially separated (5), as are tracts transmit- 
ting specialized reflexes (cough, hiccup) (5), and voluntary control (6). Only 
at the level of the segmental spinal cord are the various descending impulses 
integrated to produce a reflex response (4). 


Peripheral Chemoreceptors 


The arterial chemoreceptors, located in the carotid and aortic bodies, are 
responsible for the immediate increase in breathing produced by lack of 
oxygen. They also exert reflex systemic effects including arterial hyperten- 
sion and bradycardia (7). Apart from hypoxia they respond to a fall in 
arterial pH. Chemoreceptor activity (and ventilation) increases exponen- 
tially as Po, falls below 100 mm Hg (8). Below 30 mm Hg activity gradually 
decreases with time (9). Hypoxic chemoreceptor stimulation is potentiated, 
either peripherally or centrally, by acidosis or hypercapnia. This potentia- 
tion is reflected in the amplified ventilatory response to combined hypoxia 
and hypercapnia. The structure and functional organization of the carotid 
body was recently reviewed (4) and is not discussed here. 


Medullary Chemoreceptors 

The medullary carbon dioxide chemoreceptors are nerve endings lying 
within 400 um of the surface of the ventral medulla (10). Two distinct 
chemosensitive regions have been described (11, 12). Their efferent fibers 
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form a common neuronal bundle that reaches the medullary respiratory 
neurons deeper down (12). The chemoreceptor stimulus is provided by 
H+ ions in brain extracellular fluid (ECF). This fluid is separated from 
blood by the blood brain barrier, which permits free diffusion of CO, but 
not of HCO; and H* ions. Thus CO, has rapid access to CSF and brain 
ECF, affecting its pH, whereas equilibration for HCO; ions between blood 
and cerebrospinal fluid (CSF) is delayed. 

The pH of brain ECF (and hence chemoreceptor activity) is affected by 
only two factors: Pco, and brain ECF HCO; concentration. Pco, is gov- 
erned by arterial Pco, and also by local metabolism and blood flow. Present 
evidence suggests a high blood-flow-to-metabolism ratio resulting in a tissue 
Pco, only 2-3 mm Hg above arterial Pco, (13). Brain ECF HCO; concen- 
tration may be the same as that of bulk CSF since the two communicate 
freely. ; 

Changes in Pco, occur rapidly following changes in arterial Pco (time 
constant 60 sec). This mechanism is the short-term regulator of chemore- 
ceptor activity. Changes in HCO; concentration occur slowly (12-24 hr) 
and follow changes in arterial HCO; concentration (metabolic acidosis/ 
alkalosis) or Pco, (respiratory acidosis/alkalosis). 


Chemoreceptor Interaction 


When breathing ambient air, the balance of CO,- and O,-related drives 
heavily favors CO,. When arterial Po, falls, at constant Pco,, the tilt is 
reversed: at Po, = 40 mm Hg (75% saturation of hemoglobin) ventilation 
is multiplied some three- to five-fold because of hypoxic arterial chemore- 
ceptor stimulation. This strong response to hypoxia results in a curious 
phenomenon: hyperventilation, fall in arterial Pco,, and CSF alkalosis, 
which then eliminates most of the excess ventilatory drive (by negative 
feedback). In the end, ventilation is only marginally increased in the face 
of continued hypoxic peripheral chemoreceptor stimulation. This periph- 
eral and central chemoreceptor interaction explains much of the CSF al- 
kalosis at high altitude (see below) and is also consistent with the changes 
in CSF pH observed during experimentally induced metabolic acidosis. 


Proprioceptive and Vagal Afferents 

Sensory afferents from muscle and tendon receptors enter the segmental 
cord, augmenting: motor neurons of synergistic, and inhibiting those of 
antagonistic, muscle groups. Vagal afferents from the lung and airways are 
integrated by dorsal respiratory neurons in the medulla. Activation of 
irritant receptors in the airways and J receptors in the lung initiate tachyp- 
nea and also reflex bronchoconstriction (14). The Hering Breuer stretch 
reflex, slowing respiration by inhibiting inspiration, is probably more’ npor- 
tant in animals than in man (15). 
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Voluntary Control 

Ventilation is regulated with exquisite precision to maintain Po, and 
Pco, homeostasis in arterial blood, in the face of widely varying metabolic 
rates. This regulation is due to the automatic control system outlined above. 
However, the “ventilation pump” is also required for such voluntary acts 
as speaking, blowing, singing, etc. These acts, initiated by the motor and 
pre-motor cortex, temporarily suspend the otherwise continuous involun- 
tary act of breathing. Voluntary commands project via anatomically dis- 
tinct pathways to the medullary reticular formation (corticobulbar tracts) 
and to segmental motor effector units in the cord (corticospinal and rubro- 
spinal tracts) (16). 

Voluntary impulses may contribute to resting ventilation as “wakeful 
drive,” and probably account for much of the individual variation in carbon 
dioxide and hypoxic ventilatory responses (17, 18). An interesting evolu- 
tionary adaptation has occurred in dolphins and other aquatic mammals. 
These animals are neurobreathers, not chemosensitive breathers: when cor- 
tical control is removed (e.g. by anesthesia), breathing stops. Their 
chemoreceptor responses appear to be blunted, or totally absent (19), per- 
mitting wider swings in CO, and O, tensions during “sounding.” Lilly’s 
book (20) shows a dolphin sleeping with one eye open: the primordial victim 
of “Ondine’s Curse” (2). 


Integrated Regulation of Ventilation 
An important function of ventilation is to remove metabolically produced 
carbon dioxide. Thus the ventilation pump responds to a rise in arterial 
Pco,, and also to a fall in arterial Po, or fall in pH, by increasing the minute 
volume of ventilation. These relationships are illustrated in Figure 2. Curve 
A, the metabolic hyperbola, expresses the relation of ventilation to arterial 
Pco, (no CO, added) when the effect of peripheral or central chemorecep- 
tors is completely removed, e.g mechanical ventilation of a deeply anesthe- 
tized patient. Curve A was calculated from the CO, mass balance equation 
relating metabolic production to removal by ventilation: Va X P,co, = 
VCO, X K. For VCO, = 180 ml/min and Vp/Vr = 0.25, this equation 
becomes Va = 240/P,co, Curve A shows that as ventilation rises, arterial 
Pco, falls and vice versa. l 

Line B is the hyperoxic CO, response line. It was obtained by adding 
CO; to inspired air (in excess oxygen to eliminate hypoxic chemoreceptor 
drive) for approximately 10 minutes at each level of inspired CO}. Ventila- 
tion increases as Pco, rises, and the slope of this line defines medullary 
chemoreceptor sensitivity to CO . In this example, it is 3.2 liters/min/mm 
Hg. Line C is the hypoxic CO, response line. It was obtained by rapidly 
lowering arterial Po, to 40 mm Hg (by breathing a hypoxic gas mixture) 
for approximately 5 minutes, at each level of inspired CO2. Ventilation 
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Figure 2 The relationship of ventilation to arterial carbon dioxide tension. Curve A shows 
the reciprocal relation between arterial carbon dioxide tension (P,co,) and ventilation when 
inspired gas contains no carbon dioxide—the metabolic hyperbola. It was constructed assum- 
ing a fixed CO, production (180 mi/min) and dead space tidal volume ratio 0.25. Curve B 
shows the steady-state ventilatory response to increased P,co, with added oxygen (P,0; > 200 
mm Hg). Curve C is the same curve obtained during hypoxia (Po, = 40 mm Hg). Hypoxia 
steepens the ventilatory response to CO, with leftward displacement of the V,/Pco, response 
line. The vertical distance between Curves B and C, at any value of Pco,, represents the 
ventilatory drive (in liters/min) due to hypoxia: V = inspired ventilation BTPS (body tempera- 
ture and pressure, saturated) normalized to 70-kg body weight; P,co, = arterial carbon dioxide 
tension; Open circle = Resting hyperoxic “set point” (Pco, = 43.4 mm Hg); Dashed line from 
open to closed circle = Hypoxic parameter AÝ, (26.4 liters/min); Closed triangle = Hypoxic 
“set point” (Pco, = 37.2 mm Hg). Curves B and C are mean values of five normal subjects 


(21). 


increases as Pco, rises, but the slope of the line is steeper than B, and it 
is displaced to the left. 

The vertical distance between lines B and C, at any level of Pco., defines 
the increase in ventilation due to hypoxia. In this example at Pco, = 43.4 
(the resting hyperoxic “set point”), this difference is 26.4 liters/min. This 
is the hypoxic parameter AV4p. Lowering of arterial pH has an effect similar 
to that of hypoxia: metabolic acidosis of pH, 7.30 approximately equals 
hypoxic stimulation of Po, 65 mm Hg (21). 

As an example of how this regulation works, let us assume that alveolar 
ventilation falls so that arterial Pco, rises by 3 mm Hg (Figure 3) (point 
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Figure 3 Mechanisms underlying ventilatory adjustment when arterial Pco, is transiently 
raised. This is an enlarged section of Figure 2 (see text). | 


A -> B). If medullary chemoreceptors are now “switched on,” ventilation 
immediately rises (to point C), thereby eliminating the excess CO,, and 
ventilation returns toward set point A. If, at point B, the subject had also 
been made hypoxic, (Po, = 40 mm Hg), the combined effect of hypoxia and 
CO, would have been a much stronger stimulus to ventilation (point C’). 
Ventilation returns rapidly to set point A or, with continued hypoxia, to 
point A’. The difference in Pco, between A and A' reflects a ‘similar differ- 
ence in Pco, of brain ECF. The resultant CSF alkalosis counteracts most 
of the excess hypoxic drive, hence ventilation increases by only about 1.2 
liters/min (at A’) instead of 26.4 liters/min (normal medullary chemorecep- 
tor pH) at A. 


HYPOXIA, HYPEROXIA, AND DENERVATION 


The primary oxygen sensors in man are the carotid bodies. Their influence 
may become paramount to ventilatory compensation when pulmonary gas 
exchange is impaired by disease. Chronic hypoxia.occurring in patients with 
Fallot’s tetralogy or‘in high altitude natives, leads to very marked blunting 
of the hypoxic response (22). Whether this loss of hypoxic drive is reversible 
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is unresolved. Sørensen & Severinghaus (23) found hypoxic responsiveness 
markedly depressed in five patients with tetralogy of Fallot more than one 
year after surgical correction of the defect. In contrast Blesa et al (24) 
reported return of hypoxic sensitivity following surgery in some such pa- 
tients. 

In the absence of carotid bodies, hypoxia of 45 mm Hg reduces ventila- 
tion by a direct depressant effect on the respiratory centers (25). 


Hyperoxia and Peripheral Chemoreceptor Denervation 


In man, inhalation of one or two breaths of pure oxygen causes a 10% 
decrease in ventilation for the next several breaths (26), presumably a result 
of decreased carotid chemoreceptor drive. Carotid body function may be 
permanently lost following bilateral carotid endarterectomy for cerebrovas- 
cular ischemia (25). 

In seven such patients ventilatory and blood pressure responses to 
hypoxia were absent following surgery. They also developed a 6-mm Hg rise 
in arterial Pco,, reflecting the loss of resting carotid chemoreceptor drive. 
The deliberate excision of carotid bodies to ameliorate asthma has now been 
largely discredited (27), although it is still practiced by some (28). Loss of 
hypoxic responsiveness is potentially serious: it converts the effect of 
hypoxia from stimulation to depression of ventilation, and may lead to 
syncope in some patients (29). 


ACCLIMATIZATION PHENOMENA 


Man ascending to high altitude increases his breathing immediately. Over 
the course of the next few hours and days, this hyperventilation increases 
still further and becomes established at a new steady-state value. This 
secondary increase in ventilation is referred to as acclimatization. The 
sustained by the chemoreceptors. It is abolished by adding oxygen to the 
inspired air (“acute normoxia”) or, in animals, by prior carotid body dener- 
vation (30). In contrast, the hyperventilation in acclimatized subjects is only 
incompletely abolished by acute normoxia: some residual hyperventilation 
remains, and only with time does breathing return to its sea-level control 
value. The principal determinant of acclimatization is a fall in CSF HCO; 
concentration. The mechanisms responsible for this HCO; shift are still 
unresolved; in particular whether active ion transport (31, 32) or whether 
passive redistribution between CSF and blood is involved (33). Although 
Severinghaus et al (31) found little CSF alkalosis (despite arterial and CSF 
hypocapnia), more recent studies have shown that lumbar CSF pH remains 
substantially alkaline during acclimatization from 8 hours to 4 weeks after 
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ascent to altitude (34, 35). Recently it was shown that this CSF alkalosis 
is eliminated by acute normoxia (13). Thus, at high altitude, the CSF 
alkalosis serves to offset the excess hypoxic peripheral chemoreceptor drive, 
which would increase ventilation by 6 to 15 liters/min, rather than the 
observed 2 to 3 liters/min (at 3810 m, P,o, = 55 mm Hg; see below). 

After three days at high altitude, arterial Pco, falls to 29 mm Hg, 
reflecting 2-3 liters/min hyperventilation above sea-level values. If arterial 
Po, is now acutely restored (by oxygen breathing), PCo, rises to 32 mm Hg, 
instead of the sea-level control value of 40.5 mm Hg (Figure 4). Also, the 
CO, response lines are shifted 10 mm Hg to the left (13). 

What is the mechanism of this residual hyperventilation and what ac- 
counts for the shift in the CO, response lines? After three days at high 
altitude CSF HCO; falls about 5 meq/liter accompanied by a nearly pro- 
portionate fall in CSF Pco, such that the central chemoreceptors are reset 
to a new Pco,. Hence the CO, response curve is shifted to the left. When 
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Figure 4 Effect of normoxia and hypoxia on arterial Pco, (i.e resting ventilation) (a) at sea 
level and (6) after acclimatization to altitude (3 days at 3810 m, ambient Po, = 55 mm Hg). 
At sea level, reduction of inspired oxygen tension to an end tidal Po, of 55 mm Hg for 10 
minutes causes P,co, to fall 3.4 mm Hg, from its resting value of 40.5 mm Hg to 37.1 mm 
Hg. After three days at altitude, resting P,co, is 28.7 mm Hg. Acute normoxia (inspired 
Po, = 100 mm Hg) raises Pco, to 32.4 mm Hg, but not to 40.5 mm Hg, the resting sea-level 
value. This lower resting P,co, is due to the downward adjustment of CSF HCO; concentra- 
tion that has occurred at altitude. Data are from Crawford & Severinghaus (13). Open circles 
represent normoxia (end tidal’ Po, 100 mm Hg); open squares represent hypoxia (end tidal 
Po, 55 mm Hg). 
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hypoxia is now suddenly abolished, ventilation falls, Pco, rises, and the pH 
of CSF (and medullary chemoreceptor ECF) becomes acid, thus driving 
ventilation. The acid shift required to increase ventilation by 2 liters/min 
(i.e Pco, = 32 mm Hg) would be'0.005 pH units, which cannot reliably be 
measured by present techniques. 

From the foregoing it follows that normal resting ventilation (and normal 
arterial Pco,) cannot be restored until CSF HCO; concentration has re- 
turned to sea-level values. 

These acclimatization phenomena have a clinical counterpart in patients 
when ventilation is driven not by hypoxic carotid chemoreceptor stimula- 
tion but by mechanical ventilation in the treatment of respiratory failure. 
Prolonged inadvertent hyperventilation will lower arterial and CSF 
Pco,, lower CSF HCO; concentration, and reset medullary chemorecep- 
tors to a lower resting arterial Pco,. Normal ventilation and normal arterial 
Pco, will likewise not be restored until CSF HCO,- concentration has once 
more returned to resting levels. 


ACIDOSIS AND ALKALOSIS 


Arterial acidosis stimulates ventilation primarily via the peripheral 
chemoreceptors, whether acidosis is acute or chronic. Biscoe et al (8) 
showed that carotid body afferent nerve traffic in the cat increased two- to 
three-fold when arterial pH fell from 7.45 to 7.25 at constant Pco, and 
Po. In the dog, carotid body denervation delays or abolishes the ventilatory 
response to acidosis (36). In man, the hyperventilation of exercise-induced 
metabolic acidosis does not occur when carotid bodies are absent (37). 

The immediate ventilatory stimulus seen with metabolic acidosis is weak 
because, as Pco, falls, CSF pH becomes alkaline and inhibits ventilatory 
drive arising from medullary chemoreceptors (21, 38, 39). As the acidosis 
becomes chronic (hours to days), bicarbonate concentration falls, permit- 
ting Pco, to fall proportionately. However, as in altitude acclimatization, 
this downward adjustment of CSF HCO; concentration is incomplete and 
CSF remains significantly alkaline up to 48 hours after experimentally 
induced metabolic acidosis. During metabolic alkalosis ventilation falls and 
arterial Pco, rises. A “paradoxical” acid shift in CSF pH has been reported 
in the dog (40) and also acutely in man (38, 39). However, after 48 hours 
(21) and 5 days of alkalosis (38, 41) CSF pH is back to normal. This 
indicates that medullary chemoreceptor drive is. probably also back to 
normal, and hence the decrease in ventilation must be due to a decrease in 
peripheral chemoreceptor drive. | 

In summary it appears that both the hyperventilation of acidosis and the 
hypoventilation of alkalosis are due to alterations in peripheral chemorecep- 
tor drive. The concomitant changes in CSF pH are small, and the net effect 
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of the CSF HCO; adjustments, in both metabolic states, ensures a remark- 
ably constant CSF pH in the face of systemic acidosis and alkalosis of 
wide-ranging severity. 


VENTILATION DURING SLEEP 


The past decade has seen a remarkable expansion in our knowledge of 
ventilation and respiratory control during sleep. The following is a brief 
overview of this fascinating subject, which has been covered more exten- 
sively in several excellent recent reviews (42, 43). 


Control of Breathing During Sleep 

Sleep is not a homogeneous state but rather is a cyclical pattern of sequential 
stages with a periodicity in human adults of about 90 minutes. Two distinct 
sleep states have been defined: non-rapid-eye-movement (non-REM) sleep 
(quiet or synchronized sleep) and rapid-eye-movement (REM) sleep (active 
or desynchronized sleep). During non-REM sleep, breathing is under the 
dominant influence of the automatic control system: responses to CO), 
hypoxia, and lung inflation are intact and are critically important for main- 
taining ventilation. During REM sleep, when cerebral activity is enhanced, 
ventilation is generally unresponsive to metabolic and reflex stimuli other 
than hypoxia (43). 


Changes in Ventilation During Sleep 


The transition from drowsiness to non-REM sleep is marked by irregular 
breathing with apneic periods (up to 15 sec) associated with fluctuations in 
arterial Pco, and Po). Once non-REM sleep is established, the homeostatic 
set point is shifted to a higher threshold for CO,, and 1-2 liters/min lower 
minute volume of ventilation. This results in a rise of 4-8 mm Hg in arterial 
Pco, and a fall of 3-10 mm Hg in Po, (43). REM sleep is characterized 
by an irregular pattern of breathing that may include periods of apnea of 
up to 20-sec duration. Alveolar ventilation alternates between hyperventila- 
tion (with hypocapnia) and hypoventilation (with hypercapnia and hypox- 
emia). These fluctuations in ventilation, although of little consequence in 
normal subjects, may have profound effects in patients with preexisting 
impaired gas exchange due to cardiac or pulmonary disease. 


SLEEP APNEA SYNDROMES 


In the past decade a number of clinical disorders have been recognized that 
share a common pathogenetic mechanism: recurrent periods of apnea dur- 
ing sleep. From a mechanistic viewpoint these disorders can be classified as 
central, obstructive, and complex or “mixed” (42). In central sleep apnea, 
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airflow ceases because respiratory drive ceases—it is a true disorder of 
ventilatory control. In obstructive apnea, airflow ceases because upper air- 
ways close—respiratory drive is present and often increases as apnea 
becomes prolonged. Complex or mixed apnea typically begins with a period 
of central apnea followed by upper airway occlusion in the presence of 
gradually returning respiratory drive. 

The pathological defect underlying central sleep apnea is unknown in the 
majority of patients. However, anatomical or functional defects of the 
automatic control system have been described in some. These include dam- 
age to the brain stem respiratory neurons, damage to ascending and de- 
scending spinal tracts of automatic control, or defects in carotid or 
medullary chemoreceptor responses to stimulation [see Phillipson (43)]. 
Occlusion of the airways in obstructive apnea occurs at the level of the 
oropharynx. Two different mechanisms have been proposed (a) passive 
inspiratory obstruction due to loss of genioglossus muscle tone (the pharyn- 
geal abductor) combined with negative intra-airway pressure (44), and (b) 
active constriction of the airway due to muscle contraction (45). Several 
family members may be affected, which suggests a genetic basis in some 
cases (46). A common feature in many patients is a short thick neck some- 
times combined with mild mandibular hypoplasia (47). Obvious anatomical 
causes such as enlargement of the tonsils or adenoids (47) or vocal cord 
paralysis (M. Plit, personal communication) may play a role in children and 
some adults. 


Clinical Features 

In adults obstructive sleep apnea most often occurs in middle-aged men 
(40-60 years). Typically there is a history of loud and troublesome snoring 
for many years. Although many patients are obese, 30% have normal or 
only slightly increased body weights (Table 1). In the typical patient, an 
apneic period develops during sleep; it lasts from 15 sec to 2 min and ends 


Table 1 Symptoms and signs in 50 patients with obstructive 
sleep apnea? 


Loud snoring i 100% 


Daytime sleepiness 78% 
Intellectual deterioration 18% 
Personality changes 48% 
Impotence 42% 
Morning headaches 36% 
Hypertension 52% 


Obesity 70% 





a Adapted from Guilleminault et al (42). 
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with a transient lightening of the sleep stage or brief outright awakening, 
whereupon breathing resumes. The subject then quickly falls asleep again 
and the sequence of events is repeated, up to 500 times per night in severe 
cases. These episodes result in hypercapnia and hypoxemia with concomi- 
tant systemic and pulmonary arterial hypertension and cardiac arrhyth- 
mias. With progression, daytime manifestations appear: profound daytime 
sleepiness, deterioration of intellectual function, personality changes, and 
sexual impotence (Table 1). In time, systemic hypertension becomes sus- 
tained and a rise in hematocrit, cor pulmonale, and cardiac failure develop 
- in response to chronic hypoxia. 

In adolescents a decline in school performance may be the only mani- 
festation of nocturnal sleep apnea. Patients with predominantly central 
sleep apnea are a more heterogeneous group. They complain of nocturnal 
insomnia, they are usually of normal weight, and they commonly are de- 
pressed (42). 


Diagnosis 

The diagnosis of sleep apnea syndromes may not be obvious. Routine 
pulmonary function tests, electrocardiogram, chest X rays and arterial 
blood gas measurements while awake may be completely normal. Ventila- 
tory responses to hypoxia and to CO, may be subnormal, but normal 
responses do not exclude the diagnosis. When the diagnosis is strongly 
suspected on clinical grounds, a proper sleep study must be performed. The 
minimum aim of such a study should be to document recurrent periods of 
absent airflow at the nose (or mouth), and to determine whether such 
apneas are accompanied by continuation or absence of respiratory effort. 
Techniques are fully described elsewhere (42). The electrocardiogram 
should be monitored throughout—severe arrhythmias during sleep may be 
the most immediate indication for therapy. 


Treatment 


The treatment of sleep apnea syndromes depends on the severity of symp- 
toms and the predominant type of apnea (obstructive or central). If an 
obvious anatomic airway obstruction is discovered, it should be surgically 
corrected. In most cases, however, no obvious anatomical cause for the 
sleep pathology is found. In obese patients, weight loss often reduces the 
incidence and severity of nocturnal apneic episodes. The most effective 
treatment is tracheostomy. Considerable experience with the long-term 
management of such patients has now been gained at Stanford University 
Medical Center (47). 

In central apnea, a variety of medications have been used to increase 
respiratory drive including theophylline, acetazolamide, clomipramine, and 
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medroxyprogesterone, with varying degrees of success. In severe cases elec- 
trical stimulation of the phrenic nerves has been employed—such pacing, 
however, may unmask or induce upper airway obstruction, which must also 
be relieved for symptomatic control (48). 


Sudden Infant Death Syndrome 


The sudden infant death syndrome (SIDS) accounts for an estimated 10,000 
deaths in the United States each year (49). The typical patient is a generally 
healthy infant, 2-5 months old, who dies silently during sleep. In the past, 
death had been ascribed to unnatural causes such as mechanical asphyxia, 
but few continue to hold this view today. In recent years there is increasing 
evidence to suggest that SIDS may be a disease of disordered respiratory 
control. 

Post mortem studies show evidence of chronic alveolar hypoventilation 
(50), yet the airways and bellows mechanism of the chest are normal. 
Carotid body tissue is hypoplastic in some (51) and there is abnormal brain 
stem astroglial proliferation in others (52). However, these changes may be 
the result of chronic hypoxemia, not its cause (52). A recent report has 
linked an infant’s death, presumably due to SIDS, with adult sleep apnea 
occurring in other members of the same family (46). 

In infants REM sleep predominates during the first two months of life, 
and non-REM sleep increases during later months (43). Apnea during 
REM sleep can be triggered by upper airway reflexes (53) and several 
authors have noted an increased incidence of upper respiratory infection in 
victims of SIDS (54). Ventilation in non-REM sleep is critically dependent 
on intact automatic respiratory control (55). There is evidence in some 
victims of impaired ventilatory response to CO, (56), and prolonged apnea 
has been clearly associated with non-REM sleep in one recent report (57). 

In summary, there is much circumstantial evidence to suggest that death 
in SIDS is due to defective respiratory control. The physiological mecha- 
nisms leading to apnea and death may differ depending on the infant’s age. 
The site and nature of the defect also remain to be determined. 


Pickwickian Syndrome and Ondine’s Curse 


In 1956 Burwell and co-workers (1) suggested the term Pickwickian Syn- 
drome to describe the symptom complex of obesity, daytime somnolence, 
alveolar hypoventilation, and cardiac failure, in patients who have no un- 
derlying pulmonary or cardiac disease. An essential feature of the obesity 
hypoventilation syndrome is obstructive sleep apnea, which was not recog- 
nized in earlier case reports (58). It is now known that only a minority of 
obese patients hypoventilate. Furthermore many hypoventilating patients 
with normal lungs are not obese (42). 
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The term Ondine’s Curse was used by Severinghaus & Mitchell (2) to 
describe a patient whose ninth (and probably tenth) nerve roots had been 
damaged by surgery. This patient was left with impaired automatic ventila- 
tory control: when unattended for only a few minutes, she would literally 
forget to breathe. Although the term has subsequently been widely used (59) 
to describe loss of automatic ventilatory drive, the more appropriate general 
designation of “sleep apnea” should probably replace both of these terms. 


The Impact of Chronic Lung Disease 


Lung disease imposes mechanical loads that diminish movements of the 
lung pump in response to normal respiratory center drive. These loads are 
of two kinds: (a) elastic as in congestion, atelectasis, fibrosis, or chest wall 
deformities, and (b) resistive as in all forms of obstructive airways disease. 
Lung disease also impairs the efficiency of gas exchange such that the 
normal minute volume of ventilation no longer suffices to keep Pco, nor- 
mal. 

Diseases imposing elastic loads induce tachypnea and hyperventilation, 
which is initiated both by chemical (carotid chemoreceptor) and neural 
afferent impulses (vagal afferents from the lung) (60). 

Acutely imposed resistive loads may also cause hyperventilation. Many 
patients with asthma have a low arterial Pco,, even when breathing oxygen. 
Presumably, excess vagal afferent stimuli are likewise involved. Chronic 
obstructive airways disease leads to hypoventilation and CO; retention in 
some patients, but not in others. The reason for this is unresolved. Clearly 
mechanical limitation is not the only factor, since indices of airflow obstruc- 
tion correlate poorly with CO, retention (61). Lung disease in these patients 
may unmask a preexisting diminished CO, responsiveness, by imposing a 
mechanical load (62). Others have proposed diminished carotid chemore- 
ceptor drive due to chronic hypoxia (63). Neither of these hypotheses is 
supported by a recent observation that resting inspiratory drive is increased 
in patients with obstructive airways disease, whether hypercapnic or not 
(64). 

When arterial and brain ECF Pco, rise acutely, the resulting acidosis 
causes a powerful increase in respiratory drive both from carotid and 
medullary chemoreceptors. If hypercapnia persists (subacute to chronic 
respiratory acidosis) arterial pH, and thus carotid chemoreceptor drive, is 
restored toward normal by renal HCO; retention (65). Similarly the rise 
in HCO; concentration in bulk CSF (and presumably brain ECF surround- 
ing medullary chemoreceptors) shifts medullary chemoreceptor pH slightly 
toward normal, reducing their drive (65, 66). This leaves the carotid body 
response to hypoxia as the important determinant of ventilatory drive, and 
accounts for the well-known hazard of uncontrolled oxygen administration 
in these patients. 
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Chronically hypoxic patients are particularly vulnerable during sleep. As 
discussed earlier, the deeper stages of non-REM sleep are accompanied by 
a fall in arterial Po, (and rise in Pco,), which in these patients may reach 
critical levels. Also, the normally brief apneas of REM sleep may result in 
profound arterial desaturation (and increased pulmonary artery pressure) 
because preexisting hypoxemia places these patients on the steeper part of 
the hemoglobin dissociation curve. Thus patients whose degree of pulmo- 
nary hypertension or cardiac failure are out of proportion to their arterial 
blood gas values while awake may have significant nocturnal hypoxemia. 
The judicious use of low flow oxygen at night may be of particular benefit 
in such cases. 
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“Doctor, I have too much gas,” is one of the most common complaints 
heard by generalists and, perhaps, the most common complaint of patients 
consulting gastroenterologists. Among the various symptoms attributed to 
excessive gas are belching, bloating, a variety of abdominal pains, and 
excessive flatulence. Although the exact role of excessive bowel gas in the 
above symptom complex has not been totally defined, recent studies suggest 
that gas is usually a coincident occurrence that has been incorrectly im- 
pugned virtually from time immemorial (1). 

The role of bowel gas in clinical symptomatology is best discussed if the 
reader understands the factors influencing the accumulation and elimina- 
tion of gas from the gut. Therefore, this chapter first discusses the physi- 
ology of intestinal gas and then the application of this physiology to the 
various clinical “gas” syndromes. 


PHYSIOLOGY OF INTESTINAL GAS 


Origin of Bowel Gas 


Five gases; Na, O2, CO2, Hz, and CH, account for over 99% of bowel gas 
(2). These gases can be derived from three different sources: (a) swallowed 
air; (b) production within the gut; and (c) diffusion from the blood into the 
gut lumen. . 


SWALLOWED AIR Air can be swallowed in the form of gas trapped in 
food (an apple is alleged to be 20% gases by volume); in association with 
food ingestion (drinking a glass of water can result in the deposition of two 
times as much air as water in the stomach); and by the nervous habit of 
swallowing or aspirating air unassociated with food ingestion. 
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Although many patients are clinically labeled as air swallowers, the 
studies of Maddock and co-workers some 30 years ago appear to provide 
the only quantitative data on this phenomenon (3, 4). According to these 
investigators, air swallowing results from the production of a negative 
intraesophageal pressure in association with relaxation of the upper eso- 
phageal sphincter. Thus, air “sucking” is a more accurate description of the 
process. When the superior esophageal sphincter was short-circuited via a 
nasogastric tube in the esophagus, each inspiration against a closed glottis 
moved large amounts of air into the esophagus. Most of the gas was eruc- 
tated; however, from 50 to 160 ml per aspirate could end up in the stomach. 
Clinical air swallowers appear to be individuals who consciously or uncon- 
sciously are capable of relaxing the upper esophageal sphincter during 
inspiration. 

An unusual form of “air sucking” was practiced by the infamous French- 
man, Joseph Pujol (stage name: Le Petomane), who entertained at the 
Moulin Rouge by “playing” various tunes via the passage of apparently 
unlimited quantities of rectal gas. Monsieur Pujol had the unique ability to 
consciously relax his anal sphincter and simultaneously reduce the intraab- 
dominal pressure, thus permitting aspiration of gas (or liquid) into the 
colon. 


GAS PRODUCTION IN THE GUT Gas can be produced in the gut when 
acid reacts with bicarbonate to release CO,, or it can result from direct 
elaboration by intestinal bacteria. Reaction of 1 meq of acid with bicarbon- 
ate produces 22.4 ml of CO}. The acid for such a reaction can be derived 
from several sources. In vitro titration of gastric acid secretion indicates 
that the stomach normally secretes about 30 meq per hour of hydrogen ion 
in response to a meal. In addition, acid is released when ingested lipid, 
largely in the form of triglycerides, is digested to fatty acid by pancreatic 
lipase. Such digestion releases about 100 meq of fatty acids from the 30 g 
of fat ingested in a fairly hearty meal. Thus, theoretically, as much as 200 
meq of acid could be released in the upper small bowel in the several-hour 
period following a meal and, if completely neutralized by bicarbonate in the 
lumen, this acid could result in the liberation of about 3000 ml of CO3. 

A second source of acid in the gut is the volatile organic acids such as 
acetic or propionic acid produced by bacteria during fermentation reac- 
tions. The copious quantities of CO, excreted after ingestion of foods con- 
taining nonabsorbable carbohydrates [such as beans (5, 6)] presumably 
results in part from this mechanism. 

The second source of gas production in the bowel is the bacterial produc- 
tion of volatile metabolites. While H,, CO,, and CH; are the only such 
metabolites that represent an appreciable fraction of bowel gas, trace quan- 
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tities of volatiles produced by bacteria, such as skatole and H,S, are the 
source of the noxious odor of flatus. 

There is no evidence that human cellular metabolism can produce hydro- 
gen; apparently all of the H, elaborated in man results from the metabolism 
of gut bacteria. This concept is supported by studies in gnotobiotic rats (7) 
and human newborns (8) that showed no H, production in the germ-free 
state but copious H, production after contamination with bacteria. 

Using intestinal intubation to distinguish between H, production in the 
small and large bowel, we found virtually ail H, production in normal 
subjects occurred in the colon. This colonic H, production was very low in 
the fasting state but increased markedly when a fermentable substrate, 
lactose, was infused into the small bowel and colon (9). Thus, it appears that 
H,-producing bacteria are normally limited to the colon and the delivery 
to the colonic bacteria of ingested fermentable substrate (as opposed to 
endogenous substrates) is required to support H, production. Therefore, the 
major requirement for H, production in the gut is the ingestion of carbohy- 
drates that are not entirely absorbed in the small bowel. The most common 
form of intestinal disease resulting in such carbohydrate malabsorption is 
lactase deficiency, which results in lactose malabsorption. The massive 
quantities of gas produced after ingestion of beans appears largely attribut- 
able to the high concentrations of oligosaccharides such as stachyose and 
raffinose in legumes (5), which cannot be digested by enzymes in the normal 
gastrointestinal tract and thus pass unabsorbed through the small bowel. 
These carbohydrates are fermented by the colon bacteria with the direct 
release of H, and CO,; in addition, organic acids are produced that react 
with bicarbonate to produce additional CO}. 

Methane, like H), is produced solely by bacteria (methanogenic bacteria) 
in the colon (10). Unlike H}, CH, production in man does not appear to 
depend on the ingestion of nonabsorbed substances, and the substrates 
necessary for CH, production have not been clearly defined. In addition, 
CH, production differs from that of H; in that only about one third of adult 
Americans possess sufficient numbers of CH,-liberating bacteria to pro- 
duce appreciable quantities of this gas (11). This tendency to possess a 
CH,-producing flora is a relatively constant individual trait and subjects 
studied repeatedly at intervals over a one-year period maintain the tendency 
to produce or not produce CH4. The possession of a CH,-producing flora 
appears to be an environmentally acquired, familial trait (11). 


DIFFUSION OF GASES FROM BLOOD AND LUMEN The intestinal gases 
are highly soluble and diffuse rapidly between blood and lumen, the net 
movement of a gas being down the partial pressure gradient that exists 
between blood and lumen. The only three gases present in appreciable 
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concentration in the blood (and hence, the only gases that might diffuse 
from the blood to the lumen) are N», O2, and CO. Since CO, is produced 
in the gut, the Pco, in the lumen is usually higher than in the blood. Thus, 
CO, usually diffuses from lumen to blood, and such diffusion is not a source 
of intestinal gas. 


Elimination of Gas From the Gut 


Gas can be removed from the bowel lumen in three ways: convection via 
eructation and passage per rectum, metabolism by the intestinal bacteria, 
and diffusion into the blood. 


ERUCTATION AND PASSAGE PER RECTUM Eructation has not been 
quantitated but there appear to be individual differences in the ease with 
which the gastric air bubble is eliminated via this mechanism. Surgical 
correction of hiatus hernia may lead to total inability to eructate (12). In 
addition, eructation may be influenced by posture. The esophagus enters the 
superior-posterior aspect of the stomach, thus reclining supine causes a fluid 
layer to form over the gastric esophageal junction and thereby prevents 
belching (13). The frequent development of rapid, massive gaseous disten- 
sion of the intestine during surgical and X-ray procedures performed in the 
supine position probably results from the combination of nervous air suck- 
ing and a posture that favors movement of air into the duodenum. 

Passage of gas per rectum is a much discussed social phenomenon that 
has received somewhat less scientific study. There appear to be wide individ- 
ual variations in the composition and volume of gas passed per rectum 
(from 400 to 2400 mi per day) (14). The number of passages of gas per day 
in young, normal males averaged about 14 = 4 (1 SD) (15). 


UTILIZATION OF GAS BY BACTERIA Some colonic bacteria rapidly 
consume H; liberated by other organisms in the gut (16). When studied in 
vitro in the form of fecal homogenates, this consumption can proceed at an 
extremely rapid rate (approximately 2 ml/hr-g feces). When H; was infused 
into the colon of the rat, over 90% was consumed by colonic bacteria and 
about 10% was excreted (16). Thus, H, consumption plays as important a 
role as does H, production in determining the amount of H, available for 
excretion. 

Oxygen is also rapidly consumed by colonic bacteria, and O, concentra- 
tion in flatus is nearly always low (< 30 mm Hg). A high O, concentration 
in a flatus. sample can be used as evidence of atmospheric contamination. 


DIFFUSION FROM THE GUT As discussed previously, a gas will be ab- 
sorbed from the gut into the blood if the partial pressure of gas in the gut 
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exceeds that in the blood. The partial pressure of CH, and H, in the gut 
is always higher in the lumen than in blood. Once absorbed these gases are 
carried to the lung where they are efficiently cleared in a single passage and 
excreted in expired air. Analysis of expired air thus provides a simple means 
of semi-quantitatively measuring the rate of production of these gases in the 
lumen (17). 


Composition of Intestinal Gas 


The composition of gas in any given location in the gut represents the net 
result of the above described production and elimination processes in the 
intestinal tract proximal to that location. The gastric gas bubble usually is 
largely N, and O, because it comes from swallowed air rather than from 
production within the lumen. Duodenal gas has a very high Pco, ranging 
from 200 to 500 mm Hg (18). Thus, CO, formed by the reaction of acid 
and bicarbonate represents a major source of duodenal gas. Gas composi- 
tion in the more distal small bowel has not been measured. The composition 
of colonic gas, as evidenced by flatus composition, is highly variable. Hydro- 
gen and CO, tend to predominate in periods of high flatus production 
following ingestion of nonabsorbed carbohydrates, while N, predominates 
during periods of low flatus output (5). The N, in flatus is commonly 
considered to be derived solely from swallowed air. However, it is also 
possible for N, to diffuse from the blood into the lumen because the produc- 
tion of gases in the lumen (CO,, CHy, and H3) reduces the PN, of the lumen 
to a value below that of blood (2). 

The gas in the fasting intestinal tract of ten normal subjects was “washed 
out” (and collected) by means of a rapid infusion of argon into the duode- 
num, and then studied to determine volume and composition (2). The 
normal gut contained about 200 ml of gas. The composition was highly 
variable: N, predominated in seven subjects, while the gases produced in the 
gut (H, CO,, and CH4) represented more than 50% of the bowel gas in 
three subjects. 


CLINICAL PROBLEMS RELATED 
TO INTESTINAL GAS 


Patients’ complaints of intestinal gas commonly take one of three forms: 
excessive or repetitive belching, abdominal discomfort and bloating, or 
passage of excessive flatus from the anus. Additional clinical problems in 
which intestinal gas may contribute to symptoms include acute gastric 
dilatation, the “gas-bloat syndrome” following total laryngectomy or sur- 
gery for gastroesophageal reflux, mechanical bowel obstruction and intesti- 
nal ileus, and explosions during electrosurgery in the colon. 
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Repetitive Eructation 


Patients who complain of chronic and repetitive belching have been ob- 
served to precede each eructation with a swallow or aspiration of air into 
the esophagus (3, 4). Most of this air passes only part way down the 
esophagus and then is noisily expelled. Thus, repetitive eructation repre- 
sents a nervous habit often exacerbated by emotional upsets. Occasionally, 
such belching is precipitated by other symptoms of organic disease in the 
abdomen or thorax. In this situation, the patient apparently believes that 
belching will relieve the discomfort. A vicious cycle results in which pain 
leads to air “swallowing” which leads to increased discomfort. The patient, 
unaware he is swallowing air, perceives this process as an abnormality of 
digestion causing increased gas production, and this belief further heightens 
his anxiety and perpetuates his symptoms. 

Since chronic belching may occasionally be a secondary symptom of 
organic disease, patients with this complaint first require appropriate evalu- 
ation to rule out occult thoracic or abdominal pathology. If none is de- 
tected, treatment then consists mainly of forceful reassurance that no 
serious disease is responsible for their belching. The patient should be told 
and shown that each belch simply represents the loud expulsion of air that 
has just been aspirated into the esophagus. The physician might demon- 
strate using a mirror and palpation of the neck that each eructation is 
preceded by an elevation of the larynx allowing aspiration of air into the 
esophagus. A physician who is able to belch at will can provide a convincing 
personal demonstration of this aerophagia-eructation sequence. Even if 
patients continue to belch following this simple approach, they usually 
cease complaining or worrying about this gas symptom once they realize 
its benign, functional nature. 


Abdominal Discomfort and Bloating 


Abdominal discomfort and bloating, often worse after eating, are probably 
the complaints most frequently attributed to intestinal gas. Both patients 
and their physicians commonly believe such symptoms are due to excessive 
volumes of intestinal gas, although little scientific data exists supporting this 
conclusion. In fact, a recent study measured the total intestinal gas volume 
in patients with these complaints, and failed to demonstrate increased gas 
either in the fasting state (19) or following a large meal (20). The patients 
did, however, appear to have an abnormality of intestinal motility resulting 
in the retarded passage of gas through the bowel and increased reflux of 
duodenal gas back into the stomach. In addition, they often sensed pain in 
the presence of intestinal gas volumes well tolerated by normal, control 
subjects. Thus, symptoms produced by disordered motility and pain re- 
sponse to gut distension seem to be misinterpreted as a feeling of increased 
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gas when the total intestinal gas volume is actually normal. The belief by 
many of these patients that certain foods increase the volume of gas may 
represent the tendency for these foods to enhance this abnormal gut motility 
rather than their tendency to increase intestinal gas production. 

The initial evaluation of patients with functional abdominal pain and 
bloating should usually include screening laboratory tests, X-ray studies of 
the upper gastrointestinal tract and colon, and proctosigmoidoscopy to rule 
out the presence of organic disease. For example, patients with colonic 
carcinoma not infrequently present with vague abdominal discomfort and 
distension. If such studies are normal, initial treatment consists of strong 
reassurance that no serious or progressive pathology exists. A discussion of 
gut motility and the relation of emotions to this motility is also helpful. This 
approach alone often greatly increases the patient’s tolerance of abdominal 
sensations even though they continue to exist. Relief of apprehension about 
the origin of these symptoms may also favorably influence the motor func- 
tion of the gut and thereby decrease the frequency or severity of functional 
abdominal pain. 

Since these patients have a derangement in intestinal motor function, 
drugs that influence motility theoretically may relieve symptoms. Though 
several anticholinergic agents are claimed effective, controlled studies fail 
to show conclusively that significant benefits result from these medications. 
A trial course of one of the several available anticholinergic drugs might be 
tried in patients who continue to have severe symptoms, but the drug should 
be stopped if no improvement occurs within a short time. 

While these patients do not have excessive intestinal gas, it appears that 
volumes of gas normally well tolerated cause discomfort. Thus, it may be 
helpful to reduce the quantity of gas accumulating in the bowel as a result 
of both air swallowing and intraluminal intestinal gas production. The 
patient should avoid repetitive belching since a portion of the aspirated air 
may enter the stomach, and should avoid reclining immediately after meals. 
Postprandial production of CO, in the duodenum may be decreased by both 
a low fat diet and administration of a hydroxide-containing antacid 30 
minutes after every meal. Since both CO, and H, production by the colonic 
bacteria require a fermentable substrate, the patient should decrease inges- 
tion of foods that contain large amounts of nonabsorbable carbohydrates 
(e.g. beans, cabbage, apples). In addition, since the sugar in milk, lactose, 
is not completely absorbed even by subjects without obvious lactase defi- 
ciency (21), a lactose-free diet might be tried. 


Excessive Passage of Flatus 

The passage of large volumes of gas from the anus may just be an annoying 
source of embarrassment to the patient or it may cause him to believe 
something is seriously wrong with his digestive system. Excessive excretion 
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of flatus can most frequently be related to the composition of the diet and 
virtually never indicates serious organic disease of the gastrointestinal tract. 
In general, it appears that complaints of excessive passage of flatus are more 
closely related to the psychosocial factors than the actual quantity of gas 
excreted. 

Conventional blood, X-ray, and endoscopic studies are of no use in the 
evaluation of the patient complaining of excessive flatus. A more rational 
approach is to first document the presence of increased flatus by inserting 
a rectal tube attached to a syringe and collecting all gas excreted over 
several hours. Normal subjects pass less than 100 ml per hour (14). If this 
is not feasible, the frequency of gas passage may serve as a rough estimate 
of total flatus elimination. Normal subjects pass gas less than 25 times per 
day (15). If excessive gas excretion is found, gas chromatographic analysis 
of a sample of rectal gas will determine if it is the result of intraluminal gas 
production or simply due to air swallowing. If swallowed air is the cause, 
rectal gas will contain high concentrations of N3. Since increased air swal- 
lowing is usually psychogenic, simple counseling and reassurance is the only 
treatment required. 

If rectal gas analysis shows high concentrations of H, and CO,, gases 
largely derived from colonic fermentation of unabsorbed dietary carbohy- 
drate, the patient should be evaluated for a malabsorptive disorder. Car- 
bohydrate malabsorption may be caused by a generalized malabsorptive 
problem or may result from an isolated abnormality such as lactase defi- 
ciency. Increased production of H, and CO, in the colon of patients without 
malabsorption may also be due to ingestion of fruits, vegetables, or grains 
containing large amounts of carbohydrates that are not digested and ab- 
sorbed by the small bowel. A low carbohydrate diet will almost always 
markedly reduce flatus volume in patients who do not swallow excessive 
air. 

Most patients with excessive flatus excrete mainly H, and CO, (Bond and 
Levitt, unpublished observations). Therefore, if rectal gas analysis is not 
available, the first approach should be to rule out carbohydrate malabsorp- 
tion and reduce dietary carbohydrate. If the patient is bothered by excessive 
flatus only because he is concerned about the possibility of serious underly- 
ing organic disease, simple reassurance may be the only therapy required. 


Acute Gastric Dilatation 


Acute dilatation of the stomach is characterized by rapid, often massive, 
distention of the stomach and duodenum with gas and fluid, without actual 
organic obstruction. It may occur following trauma, surgery, or severe 
illness. Dragstedt & Dragstedt (22) showed that ligation of the distal duode- 
num in dogs or mechanical obstruction of the pylorus or proximal small 
bowel did not usually lead to marked gastric dilatation since the normally 
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functioning stomach expelled gas and fluid back through the esophagus. 
Thus, marked dilatation is secondary to a disturbance of motor function of 
the stomach and/or gastroesophageal junction in combination with rapid 
swallowing or aspiration of large quantities of air. Routine use of nasogas- 
tric intubation both during and after major operations under general anes- 
thesia has greatly decreased the frequency of acute gastric dilatation in 
surgery (23). This complication should still be suspected in any patients 
with trauma or serious illness who develops acute abdominal distention and 
tympany, and immediate gastric intubation and decompression should be 
performed. 


The “Gas-Bloat” Syndrome Following Surgery 


Surgical treatment of gastroesophageal reflux may produce gas-related com- 
plaints by interfering with the normal elimination of swallowed air. Cur- 
rently, the most effective operation, the Nissen fundoplication, involves 
wrapping a cuff of stomach around the lower esophagus to reinforce a weak 
sphincter mechanism. Following this operation, approximately 20% of 
patients are unable to belch and 25-50% note abdominal distention and 
increased flatus (12). Presumably, the operation causes distention by im- 
pairing the ability to eructate swallowed air. Unable to escape by the usual 
mechanism, most of this air passes on through the bowel and is excreted 
from the rectum. In most of these patients, the gas-bloat syndrome is 
transient (24) and is best treated by counseling the patient to avoid habitual 
aerophagia. 

Patients who must resort to esophageal speech after total laryngectomy 
also may develop a form of the gas-bloat syndrome. In order to speak, these 
individuals learn to force large volumes of air into the esophagus and then 
rapidly eructate while articulating words. Some of these patients develop 
bothersome abdominal distention followed by increased passage of flatus 
because excessive air 1s propelled into the stomach and small bowel during 
extended periods of talking. 


Intestinal Gas and Bowel Obstruction 


Gaseous distention of bowel increases the likelihood of gut necrosis or 
perforation following mechanical bowel obstruction or severe ileus. Most of 
the gas accumulating proximal to a bowel obstruction appears to be swal- 
lowed air containing primarily N, (25). Wangensteen (26) produced simple 
obstruction of the terminal ileum in dogs; an average of 328 ml of gas 
accumulated and the animals lived only about five days. If the cervical 
esophagus was first interrupted, little gas accumulated and the dogs sur- 
vived 35 days. Based on these studies, the routine use of nasogastric or small 
bowel intubation has contributed greatly to the successful management of 
bowel obstruction or ileus. 
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The role of gas in the pathophysiology of a closed loop obstruction in man 
has received little study. Wangensteen found that closed loop obstructions 
in fasting dogs contained only a few milliliters of gas (26). This observation 
does not, however, rule out the possibility that the gas which forms in acute 
closed loop obstructions in man, such as cecal or sigmoid volvulus, could 
be of bacterial origin if appropriate substrates were present in the segment 
at the time of obstruction. Compromise of the blood supply to the segment 
would prevent absorption of the evolved gases and they would accumulate 
rapidly. If the gas that accumulates in a cecal or sigmoid volvulus is swal- 
lowed air, one must postulate some sort of one-way valve mechanism which 
allows air to pass into, but not out of, the obstructed segment. 


Gas Explosion in the Colon 
Two of the gases produced in the colon, CH, and H), are combustible and, 
in the proper mixtures with O,, may be explosive (27). There have been 
many reports of life-threatening explosions resulting from electrocautery 
ignition of these gases during electrosurgical treatment of colonic lesions 
through the rigid proctosigmoidoscope (28-30). Although the fiberoptic 
colonoscope has been used for electrocautery snare resection of colonic 
polyps in probably over 100,000 patients in the US, no such explosions have 
been reported during colonoscopy. Presumably, the fasting and the exten- 
sive bowel cleansing required for colonoscopy lowers the concentration of 
H, substrates and H,- and CHy-producing organisms. Analysis of in- 
traluminal gas samples collected during colonoscopy reveal concentrations 
of H, and CH, well below the minimum explosive levels (31, 32). 
Special precautions are, however, clearly required to prevent electrocau- 
tery explosions in the patient undergoing rigid proctosigmoidoscopy or 
fiberoptic proctosigmoidoscopy who is not prepared in the vigorous manner 
required for colonoscopy. In this situation, where hazardous concentrations 
of both H, and CH, may be encountered, the risk of explosion may be 
reduced by first aspirating gas from the lumen and then perfusing the 
operative site with an inert gas such as CO, prior to coagulation. 
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HISTORICAL REVIEW 


Biopsy of the human myocardium has become increasingly important in 
determining the diagnosis, severity, prognosis, and, in certain instances, the 
therapy of cardiomyopathies. Surgical biopsies requiring thoracotomy (1) 
were replaced by punch needle biopsies using modified Vim-Silverman 
needles either during limited thoracotomy or percutaneously via the trans- 
thoracic approach (2-5). Menghini needles, more easily handled and less 
traumatic to the subject (6), are occasionally used in myocardial biopsy, 
puncturing the left ventricle to approach the ventricular septum (7), and in 
pericardial biopsy (8). Potential hazards of these percutaneous needle biop- 
sies are cardiac tamponade and pulmonary complications during the ven- 
tricular puncture. 

Biopsy of the human myocardium by means of an intravascular catheter 
would certainly have advantages. General anesthesia or thoracotomy would 
not be necessary to obtain multiple specimens. Cardiac tamponade or 
pneumothorax would no longer be a problem. In 1962, Sakakibara & 
Konno (9) first developed a biopsy catheter or “bioptome” that could obtain 
biopsy specimens of the endocardium and the myocardium safely and eas- 
ily. The practicality, safety, and capability of this instrument in providing 
adequate samples for histologic studies were first confirmed in dogs (10). 
Subsequently it has been successfully used in human beings (11-14). More 
recently, Bulloch and associates (15) introduced a catheter-sheathed, long, 
curved biopsy needle through the right external or internal jugular vein to 
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obtain samples from the right ventricular septum. The intracardiac ap- 
proach is now the most widely accepted method of myocardial biopsy. 
Reports on the usefulness of Konno’s endomyocardial biopsy catheter come 
from Uganda (16), Austria (17), the United States (18), Sweden (19), En- 
gland (20), and France (21). 

Caves and his associates at Stanford University designed a new biopsy 
forceps, similar to Konno’s, which is introduced percutaneously into the 
right internal jugular vein and advanced to the right ventricle (22-25). Their 
original purpose was to diagnose acute rejection in cardiac transplant recipi- 
ents by serially repeated myocardial biopsies. They extended their technique 
to the study of patients with cardiomyopathy (26). A similar endomyocar- 
dial biopsy forceps for the right and left ventricle had been developed in 
Europe and used with a guide catheter as a sheath (27). 

Although the use of Konno’s bioptome has been considered simple and 
safe, its stiffness complicates intravascular and intracardiac manipulation 
and cleaning the blood trapped inside the Teflon® sleeve creates difficulties. 
Modifications of the original bioptome were necessary. Two such modified 
biopsy catheters are now available. One, the Olympus GFB biopsy catheter 
(28), closely resembles Konno’s bioptome except that there is no Teflon 
sleeve covering the shaft. Another modification, King’s endomyocardial 
bioptome (29, 30), resembles the Olympus fiberoptic bronchoscope biopsy 
forceps with a polyolefin covering on the shaft. Hirota et al (31) evaluated 
two methods of endomyocardial biopsy, the Konno bioptome and the 
Olympus fiberoptic bronchoscope biopsy forceps in dogs. They concluded 
that the latter was easier to handle because it was used with a thin-walled 
Cournand catheter as a guide sheath. It was also smaller and easier to clean. 

Brooksby and associates (32, 33) solved both the problem of percutane- 
ous introduction and that of accurate placement of the biopsy catheter with 
the minimum of manipulation when they developed the St. Thomas’ long 
sheath technique. Left ventricular biopsy, which was difficult with the stiff 
Konno bioptome, is now possible with either the small-sized Konno biop- 
tome or King’s biopsy forceps properly placed via the sheath passed retro- 
gradely across the aortic valve or transseptally across the mitral valve 
(34-37). 

Kawai & Kitaura (38), on the other hand, facilitated left ventricular 
biopsy by designing a new biopsy catheter with a flexible tip controlled by 
rotating a knob on the operating handle. This biopsy catheter makes it 
easier to enter the left ventricle and obtain multiple specimens in succession. 

Endomyocardial biopsy of the right and left ventricles in pediatric pa- 
tients is now being attempted with Konno’s pediatric bioptome, King’s 
biopsy forceps, or, even smaller, a modified Machida bronchial biopsy 
forceps with or without a guide tube of ultrathin radiopaque Teflon (39, 40). 


MYOCARDIAL BIOPSY 141 


TECHNIQUE 


The procedure of transvenous endomyocardial biopsy most commonly used 
is described here. The Konno bioptome has an ordinary intracardiac cathe- 
ter shaft 100 cm long, with cutting pincers or jaws at the exploring end and 
a proximal operating handle. The sliding assembly on the handle is con- 
nected to the pincers by a single wire running through the catheter shaft. 
The pincers, consisting of two mobile cups, open and close by pushing and 
pulling of the sliding assembly. The diameter of the pincers is 2.5 mm for 
the smaller and 3.5 mm for the larger Konno bioptomes. The right saphe- 
nous vein, routinely used for biopsy of the right atrium and ventricle, is 
exposed; the bioptome with the pincers closed is introduced into the vein 
and advanced to the heart under fluoroscopic control]. The left antecubital 
vein may also be used to reach the apex of the right ventricle. The bioptome 
may sometimes be difficult to pass through the inferior vena cava at its 
junction with the femoral, renal, and hepatic veins. However, slight rotation 
of the bioptome will usually allow easy passage. 

When the bioptome reaches the right ventricle, contact with the ventricu- 
lar wall is recognized by a sensation of resistance, the fluoroscopic appear- 
ance, and an elevation of the ST segment in the intracardiac electro- 
cardiogram recorded from the exploring end of the bioptome. Still under 
fluoroscopic control, the bioptome is pulled back slightly, the sliding assem- 
bly pushed forward so that the pincers are opened, and the bioptome is 
readvanced and pressed against the wall of the ventricle. The pincers close 
as the sliding assembly is pulled back forcefully. The bioptome is immedi- 
ately withdrawn; one may feel some resistance as a piece of the tissue is 
excised. At this stage there may be one or two ventricular ectopic beats. The 
specimen is approximately 2 X 3 mm. The same procedure can be repeated 
to obtain several specimens. For right atrial biopsy, Konno et al (41) sug- 
gested taking a specimen from the external dorsal side or from the septum 
of the internal dorsal side. 

When left ventricular biopsy is attempted, the Konno bioptome is ad- 
vanced retrogradely via the femoral artery or left brachial artery. However, 
because of its stiffness, it is sometimes difficult to pass the bioptome through 
the aortic valve into the left ventricle. The Kawai biopsy catheter obviates 
this problem. When advance of the biopsy catheter is hampered at the aortic 
valve, the physician gently bends the flexible tip (Figure 1) enabling the 
biopsy catheter to pass through the aortic valve into the left ventricle very 
easily. The cardiac tissue is excised just as with the Konno bioptome except 
that a straight stylet is advanced through the lumen of the catheter shaft 
to provide enough stiffness for excision of the tissue by the pincers. The 
pincers of the Kawai biopsy catheter are similar in size to Konno’s; there- 


142 KAWAI, MATSUMORI & KAWAMURA _ 


a 
a i + 
+ . Ea 
r H 
stylet’ „= 
” < al 
z s mtd 
p te + a F 
ery é are wt = ay 
4 © + t y ” iy 
= 4 a we het 
š s: ó “ 4 p 
ž 7 Fr 
& ir t, ve K > Pia 
fae, ME ` A E og y 
rj A t * 
g - 


> operating handig a g- 


< 
a 
ká 2e 
a a S Bay 
es 4 « 
ne ae e pad n 
m 3 sib A Stee 
* y ae Atte 
2 = — Sea ps 
a Fa ae Sa: £ ~ 
© = 3 TY EX sakes 
ae K 
+ # ha iy y a 


{ 










“cutting pincers! — 





i » ; "i 
at 8 m ` j 4 


=, ` 
artet an Pa oo es shes mairan an eee "r w 


Figure I ‘The Kawai flexible domo adil bion sathete The catheter tip can be bent 
about 40° in one direction and about 10° in the opposite direction by rotating a knob on the 
operating handle. 


fore, the specimens obtained by both the Kawai and Konno catheters are 
larger than those obtained by King’s bioptome, which is smaller. Introduc- 
tion of the biopsy catheter into the femoral artery requires arteriotomy, 
which is recommended as safer for Japanese patients whose arteries are 
usually smaller than those of Europeans and Americans. Arteriotomy also 
allows systemic heparinization, which prevents peripheral embolism during 
left ventricular biopsy. 


COMPLICATIONS 


Since the introduction of the transvascular intracardiac approach in 1962 
(9), myocardial biopsy has proven surprisingly safe in experienced hands. 
Unpleasant sensations or pain in the chest occur in a few cases, particularly 
at the moment of taking the specimen (41, 42), but there have been no 
subsequent problems. In a large series of more than 1300 right ventricular 
biopsies by the Stanford group (37), cardiac perforation occurred four times 
(0.3%), but all four patients recovered uneventfully. There were no deaths. 
One or two premature ventricular beats are common when a biopsy catheter 
is pressed against the ventricular wall, but these are harmless provided the 
biopsy proceeds rapidly. In a series of 188 patients in whom the long sheath 
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technique was used for left ventricular biopsy (32), there were six episodes 
of systemic embolism (3.2%), all cerebral. In our experience there were no 
cardiac perforations in approximately 300 right ventricular biopsies with 
the Konno bioptome. Two patients developed permanent right bundle 
branch block, probably because the specimens were taken from a position 
high in the right ventricular septum via a saphenous vein approach. There 
was no morbidity or mortality in 70 left ventricular biopsies using the 
Konno or the Kawai biopsy catheter under systemic heparinization. A 
recent world survey (43) on cardiac biopsy demonstrated cardiac tam- 
ponade due to cardiac perforation in 30 (0.5%), perforation of the aortic 
valve in 1 (0.02%), and death in 3 (0.05%) of 6642 cases. These rates of 
complications are lower than those in routine cardiac catheterization. Thus, 
transvascular endomyocardial biopsy can be performed with minimum risk 
and relative ease. 


PATHOLOGY 


A minute biopsy specimen may or may not accurately reflect the changes 
occurring in the rest of the myocardium. The value of the histological 
analysis of endomyocardial biopsy specimens is controversial: helpful infor- 
mation can be obtained in 70% of patients (44), but in only 10% is diagnos- 
tically useful information obtainable (36). However, several investigators 
(36, 44, 45) found a good correlation between biopsy and autopsy changes. 
In a few cases, much more advanced interstitial fibrosis was found at 
autopsy than at the time of biopsy (13). In one series the importance of 
electron microscopic examination was emphasized as of diagnostic value in 
endomyocardial biopsy (36). Biopsy specimens certainly have an advantage 
over necropsy specimens, which show considerable agonal and postmortem 
autolytic changes. The present review discusses the value of myocardial 
biopsy in determining the diagnosis, severity, prognosis, and nature of 
cardiomyopathies. 


Hypertrophic Cardiomyopathy 

Characteristic histologic features in asymmetric septal hypertrophy (hyper- 
trophic cardiomyopathy) are hypertrophied, bizarrely shaped, and abnor- 
mally arranged cardiac muscle cells in the ventricular septum (46). Electron 
micrographs of muscle cells reveal increased cellular branching, extensive 
side-to-side intercellular junctions, widened Z bands, and evidence of for- 
mation of new sarcomeres (47). These abnormalities are either absent or 
rare in muscle from the left and right ventricular free walls of patients with 
the obstructive type of hypertrophic cardiomyopathy. In contrast, numer- 
ous disorganized cells are widely distributed in the left and right ventricular 
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free walls in the nonobstructive type (46). It is now known that these 
. changes do not necessarily constitute a pathognomonic sign for the diagno- 
sis of hypertrophic cardiomyopathy. However, biopsy specimens obtained 
from the left ventricular outflow tract at the time of therapeutic cardiac 
operation (46, 47), and from the right ventricular septum by endomyocar- 
dial bioptome (48), occasionally reveal marked disarray of hypertrophied 
myocardial cells (Figure 2) and of myofibrils and myofilaments within 
individual myocytes (Figure 3). These findings may support a presumptive 
clinical diagnosis of hypertrophic cardiomyopathy. Such foci of myocardial 
disarray also occur in certain patients with other types of heart disease, but 
usually to a smaller extent than in hypertrophic cardiomyopathy. 

The endomyocardial biopsy specimens are usually too small to evaluate 
the extent of disarray of myocardial cells. Using autopsy studies (49) on 
patients with hypertrophic cardiomyopathy, two with and one without 
obstruction, we quantitatively assessed the diagnostic value of endomyo- 
cardial biopsy in this disorder. Two large cross sections (upper and lower 
one third) of the hearts were each divided into 3 to 5 pieces, sectioned at 
4 pm, and stained with hematoxylin-eosin. The distribution of marked 
myocardial fiber disarray is shown as the hatched area in Figure 4. Lines 
_ were drawn at a depth of 2 mm from the endocardial surface of the right 
ventricular septum and of the left ventricular free wall to demarcate the 
region of endomyocardial biopsy. A summing up of the sections of the lines 
crossing the hatched area revealed that the probability of hitting the site of 
marked myocardial fiber disarray by right ventricular endomyocardial 
biopsy would be no more than 33% in a patient with obstructive hyper- 
trophic cardiomyopathy. 

Our study suggested that biopsy of the right ventricular septum was 
superior to that of the left ventricular free wall in detecting marked myocar- 
dial fiber disarray in obstructive hypertrophic cardiomyopathy. Davies et 
al (50) found this characteristic histological appearance in left ventricular 
endomyocardial biopsies of only one of six cases of asymmetric septal 
hypertrophy. In nonobstructive hypertrophic cardiomyopathy, endomyo- 
cardial biopsy from the left ventricular free wall might increase the proba- 
bility of finding specific changes. 

The left ventricle is the chamber mainly involved in many adult patients 
with cardiomyopathy. Therefore, biopsy specimens from the left ventricle 
are generally more informative than those from the right (51). This is 
particularly true in patients with nonobstructive hypertrophic cardi- 
omyopathy, especially in the early asymptomatic stage (51). It is important 
to correctly diagnose cardiomyopathy as early as possible. The pathological 
features of left ventricular biopsy specimens differed from those of right 
ventricular specimens in 60% of 20 patients, some of whom suffered from 
cardiomyopathy (33). Left ventricular biopsy should be considered espe- 





Figure2 Light microscopy of a biopsied specimen obtained from the right ventricular septum 
in a patient with hypertrophic nonobstructive cardiomyopathy. The myocardial fibers are 
hypertrophied, bizarrely shaped, and abnormally arranged, showing a whirl formation. Hema- 
toxylin-eosin stain. Scale bar: 40 ym. 
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Figure 3 Electron microscopy of a biopsied specimen obtained from the left ventricular free 
wall in a patient with hypertrophic nonobstructive cardiomyopathy. Marked myofibrillar (Mf) 
disarray, expansions of Z-band material (Z'), distortion of the intercalated disc (ID), accumu- 
lation of glycogen granules (GI), and mitochondria (Mt). Scale bar: | pm 
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Figure 4 Distribution of marked myocardial fiber disarray in a cross section of the heart: 
upper one third (/eft) and lower one third (right). Dark hatched area is the location of marked 
disarray of the myocardial fibers in the interventricular septum and the left ventricular free 
wall, White lines represent a depth of 2 mm from the endocardial surface of the right and left 
ventricles that can be reached by endomyocardial biopsy. P: posterior, A: anterior, RV: right 
ventricle, LV: left ventricle. 


cially for early diagnosis of nonobstructive hypertrophic cardiomyopathy. 
In another series, however, of 15 patients mainly with suspected congestive 
cardiomyopathy, there were no significant differences between right and left 
ventricular specimens in the majority of cases (52). Diffuse pathological 
processes such as congestive cardiomyopathy, particularly in the advanced 
stage, might have shown identical features in the right and left ventricular 
biopsy specimens. Our own experiences in congestive cardiomyopathy are 
discussed below. 

Determining the intramyocardial catecholamine content in hypertrophic 
cardiomyopathy in relation to its pathogenesis has been a challenging prob- 
lem. As the norepinephrine content of the myocardium was far above the 
normal level in hypertrophic cardiomyopathy, it was called noradrenosis 
(53). However, this finding could not be confirmed by a recent study from 
the same laboratory (54). On the other hand, the concentration of norepi- 
nephrine in the atrium as well as the left ventricle: removed at the time of 
operation was reduced in patients with heart failure (55, 56). 

Specimens obtained during open heart surgery under general anesthesia 
are clearly unsuitable for the analysis of catecholamines. For that purpose 
biopsy specimens obtained during cardiac catheterization would be more 
natural and accurate. We developed a method of determining the myocar- 
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dial content of catecholamine from a small biopsy specimen obtained during 
diagnostic cardiac catheterization. Biopsy specimens are immediately fro- 
zen in liquid nitrogen. The tissues are homogenized in 100 jl of freshly 
prepared cold 0.4 N perchloric acid per milligram wet weight of tissue, 
containing 5 mM reduced glutathione in a glass tissue-grinder submerged 
in an ice bath, and then centrifuged at 4°C for 15 minutes at 30,000 X g 
to produce a “protein-free” supernatant. An aliquot of this clear superna- 
tant is injected directly into the column of our newly designed catechola- 
mine-analyzing system using high performance liquid chromatography 
coupled with fluorometric assay (57). We are now accumulating data from 
patients with hypertrophic cardiomyopathy or congestive cardiomyopathy 
with or without heart failure. This is potentially another useful application 
of myocardial biopsy. 


Congestive (Dilated) Cardiomyopathy 


Although the biopsy specimens fail to disclose pathognomonic histologic or 
ultrastructural features that could be used to establish the diagnosis (58, 
59), there is generally a good correlation between the severity of the clinical 
condition and the extent of the morphologic changes (60). 

Between 1964 and 1978, 52 right and 23 left ventricular endomyocardial 
biopsies were obtained from 59 patients with congestive cardiomyopathy 
(CCM). In the 16 patients who underwent both right and left ventricular 
biopsies, the biopsies were performed on the same day or 7—10 days apart. 

Conventional light microscopy revealed a variety of histological changes 
in the biopsies. They included disarrangement of myocardial fibers, hyper- 
trophy of myocardial fibers, scarcity of myofibrils, nuclear changes in myo- 
cardial fibers, vacuolization and basophilic degeneration of myocardial 
fibers, deposition of a peculiar substance in the sarcoplasm, proliferation of 
collagen fibers, interstitial edema, fatty infiltration, cell infiltration, and 
endocardial thickening. Most of these changes varied markedly in degree 
so that they were arbitrarily graded 1 to 4+ depending upon the severity 
and extent. In general, 1+ signified slight change, 2+ moderate change, 3+ 
marked change, 4+ extreme change, and (—) no apparent abnormality. In 
assessing hypertrophy of myocardial fibers, transverse diameters of 100 
consecutive myofibers crossing through the nuclei were magnified 600 times 
and measured by a calibrated eye reticule under the light microscope. The 
mean diameter and its standard deviation were calculated for each biopsy. 
Mean diameters ranging from 16-20 um, 20-24 um, 24-28 um, and more 
than 28 ym were graded as 1, 2, 3, and 4+ of hypertrophy, respectively. 
A mean diameter of less than 16 um was graded as (-), signifying no 
hypertrophy of myocardial fibers. Hemorrhage or myofibrillar contracture 
bands were usually excluded as artifacts. Overall histologic gradings are 
listed in Table 1. 
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As shown in Table 1, hypertrophy and nuclear change of myocardial 
fibers and scarcity of myofibrils were more prominent in the left ventricular 
endomyocardial biopsies than in the right. In contrast, interstitial edema 
and fatty infiltration were more common in the right ventricular endomyo- 
cardial biopsies. Although not tabulated here, the same tendency was evi- 
dent in the 16 patients in whom both right and left ventricular biopsies were 
obtained. 

In our observations, almost 60% of either right or left ventricular biopsies 
revealed a slight (1+) to moderate (2+) grade of myofiber disarray, and 
almost 15% exhibited marked (4+-) fiber disarray (Table 1). The marked 
fiber disarray appeared to be uncommon, but fiber disarray up to a moderate 
degree was fairly common in the right ventricular endomyocardial biopsies 
obtained from patients with various heart conditions excluding cardi- 
omyopathy. Widespread disarray of myocardial fibers has been accepted as 
a characteristic feature of the ventricular myocardium, especially the inter- 
ventricular septum, of patients with hypertrophic cardiomyopathy (46, 47, 
60, 61). The specificity and significance of this abnormality, however, re- 
main uncertain (62-64). In their studies on ventricular biopsies, Ferrans 
and his colleagues (60, 61) observed marked disarray of myocardial fibers 
in 10% of patients with CCM and in 18% of patients with congenital heart 
diseases associated with right ventricular hypertrophy and obstruction to 
right ventricular outflow. It should be remembered, therefore, that the 
disarray of myocardial fibers seen in the ventricular biopsies is not specific 
for the diagnosis of hypertrophic cardiomyopathy. 

In patients with CCM, electron microscopy of ventricular endomyocar- 
dial biopsies often revealed a wide spectrum of hypertrophic and/or degen- 
erative changes of the myocardium. 

In general, the cardiocytes were connected with one another at end-to- 
end intercellular junctions (intercalated discs). Also seen were multiple 
intercalated discs (65-67), widespread side-to-side junctions that were 
not related to normally oriented intercalated discs, and intracytoplasmic 
junctions that were formed by the apposition of two areas of the plasma 
membranes of the same cell (68). These peculiar forms of cell junctions 
occurred more commonly in the areas of marked disarray of myocardial 
cells. 

The myofibrils appeared to be disoriented near the periphery of hypertro- 
phied myocardial cells. These myofibrils were often associated with abnor- 
mal Z band expansions. In degenerated cardiocytes, the myofibrils 
underwent various degrees of lysis, which were characterized by streaming 
and fragmentation of Z bands and disorganization and disappearance of 
myofilaments. A Z-band-like material was often associated with the sar- 
colemma of the hypertrophied or degenerated cardiocytes. 
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The mitochondria often varied in size; many were smaller and more 
numerous (mitochondriosis) than normal. Some contained inclusions of 
glycogen. In degenerated cardiocytes, inner mitochondrial membranes were 
often scarce. 

The sarcotubules exhibited dilatation and/or proliferation in some car- 
diocytes. In hypertrophied cardiocytes, rough-surfaced profiles of the 
endoplasmic reticulum were commonly seen. The transverse tubules often 
became less prominent and even hard to identify in degenerated cardio- 
cytes. 

The nuclei were markedly hypertrophied and bizarrely shaped in a num- 
ber of cardiocytes. Adjacent to the nuclei, Golgi complexes were often 
increased in size and lipofuscin granules were common. 

The ultrastructural changes of the biopsies from our patients with CCM 
resembled those reported by others (60, 69, 70), and were probably not 
specific to the disease. Similar findings were documented for other types of 
heart diseases of known etiology (71-73). 

By conventional light microscopy or transmission electron microscopy, 
three-dimensional imaging of individual cardiocytes or intercellular con- 
nections requires reconstruction from a number of serial sections of the 
cells, an impractical procedure. 

But scanning electron microscopy permits elucidation of the three- 
dimensional morphology of individual myocardial cells (74) or the architec- 
ture of some connected cells. In this new field, a few studies have been 
conducted on autopsied human hearts with hypertrophic cardiomyopathy 
(75, 76). In the future, this approach will likely be used for cardiac biopsies 
from patients with cardiomyopathy or other types of heart diseases. At- 
tempts to identify more specific evidence for diagnosis in biopsy specimens 
have so far proven unrewarding. 

Immunofluorescence studies for viral etiological agents demonstrated 
positive fluorescence for adenovirus antigen in only one of more than 20 
patients examined (77). Coxsackie B, virus was isolated from biopsy mate- 
rial in one of 25 patients with congestive cardiomyopathy (78). Generally, 
however, demonstration of viral particles and positive viral culture in myo- 
cardial biopsy specimens have been unsuccessful in patients with congestive 
cardiomyopathy (79). Nevertheless, these facts do not eliminate the possi- 
_ bility of previous viral infections no longer reflected by the presence of viral 
antigens in the myocardium as a cause of cardiomyopathy (77, 80). More- 
over, nonspecific interstitial fibrosis in biopsy specimens of patients with 
suspected congestive cardiomyopathy may well represent a sequela of past 
myocarditis, in view of the fact that serial biopsy studies revealed a very 
rapid recovery from histologic changes representing acute myocarditis, 
which left only nonspecific fibrosis with or without cell infiltration in the 
myocardium, in cases following a benign course (81). 
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Direct evidence of acute myocarditis itself is rather difficult to obtain by 
biopsy in clinical cases. It is essential to obtain biopsy specimens in the very 
early phase of acute myocarditis before the characteristic findings of acute 
inflammation disappear. Figure 5 demonstrates the histologic appearance 
of a biopsy specimen from the right ventricle of a 30-year-old Japanese male 
who had developed Stokes-Adams syndrome due to complete atrioventricu- 
lar block eight days previously. There is a mild to moderate degree of 
interstitial round cell infiltration with focal myocardial necrosis consistent 
with acute myocarditis. The “flu-like syndrome” with moderate fever 
preceded the Stokes-Adams syndrome by three days. There was a marked 
elevation of GOT, LDH, and CPK. Sinus rhythm with 1:1 conduction was 
restored within 24 hours. Thereafter, the entire course was uneventful. 

It is extremely important to follow a patient like this with definite evi- 
dence of myocarditis to see if myocardial damage occurring during the 
acute phase of the disease remains for the rest of his life and eventually 
evolves into cardiomyopathy. 


Secondary Myocardial Disease 
This is a group of diseases for which endomyocardial biopsy can provide 
direct and specific evidence to aid in diagnosis. This group includes myocar- 








Pe ua: age A i 
r n M +4 t i d dee T T 
wa. SE EE A Sa AR TA BA “Ud ny 
AF a wey + 4% . Tig ne ie ay t š 
. ie een hi dik) ay! He A Pes 
Serie ae Pia x k ý 
EN RE Se ni AAN k ; ae 
>. Fy Q t 2 
4 x] ad Tes C O Rests ed £ My s 
Ee We. es nS te e v NP ea UF Loe P R 
ao Te ai a, W hw PE oy ae £ 
e, ;: >» Ka Hrbek $ pr i 
aks Ae Á had TAA 7 
g Gi a: fat 
My 


‘Re a eee 
Ses g PE 
= a 3 


ayes aeann 
a` Neg pe 


È 3 
a 
+f 


yaar wey 


er 
Wk 


sorb 
KS 
3 pi 


peni 
= 


yT oy 
} 


A 


“gf oe BOE ER Re 
ese eee a 
tut west yt 


oa 
4 


$ an gi o> ia 
a 

7 s ies 

f aN 2 n yt "y rea 
A Ea 

A ERM Eg ve 


ek RES ho 

i SSC Bee 
Figure 5 Light microscopy of a biopsied specimen from the right ventricle of a 30-year-old 
man with acute myocarditis showing interstitial round cell infiltration with myocardial necro- 
sis. Hematoxylin-eosin stain. Scale bar: 20 um. 
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dial involvement resulting from infective, infiltrative, metabolic, and toxic 
diseases. In some cases abnormal deposits of amyloid (Figure 6) iron, 
calcium, or mucopolysaccharides can be detected with appropriate special 
stains by light microscopy. 

One useful application of endomyocardial biopsy is to detect cardiac 
amyloidosis, which may otherwise remain unidentified for a long time 
(82-85). For example, a 60-year-old woman who presented with the sick 
sinus syndrome, had had transient dizziness with no sequelae three years 
earlier. One year later, she developed exertional dyspnea and general 
malaise and was found to have cardiomegaly. Three months prior to admis- 
sion, she presented with arrhythmias. On admission, her pulse rate was 48 
per minute, irregular; blood pressure, 162/72 mm Hg; cardiothoracic ratio, 
0.61; no Bence Jones protein was detectable in the urine; ECG revealed a 
sinus rhythm associated with ectopic atrial rhythm and AV junctional 
escape rhythm but no low voltage. Right heart catheterization recorded 
normal pressure curves in the right atrium and ventricle; the mean pres- 
sure was also normal in the pulmonary artery and capillaries. An over- 
drive suppression test supported the diagnosis of sick sinus syndrome. 
Right ventricular endomyocardial biopsy revealed amorphous material 
surrounding myocardial fibers and infiltrating into the vascular walls in 
conventional light microscopic sections (Figure 6, top). Stained with 
Congo red, the peculiar material gave green-yellow birefringence of amy- 
loid under the polarizing microscope. Electron microscopy confirmed 
numerous fibrils of amyloid adjacent to the surface of cardiocytes and in 
the intercellular space of the myocardium (Figure 6, bottom). Liver and 
rectal biopsies were also obtained later and amyloid deposit was identi- 
fied in both. In this particular case of sick sinus syndrome, an early diag- 
nosis of amyloidosis could not have been made without endomyocardial 
biopsy. 

Myocarditis, myocardial sarcoidosis or giant cell myocarditis, and glyco- 
gen storage disease (Pompe’s disease) can be readily recognized by charac- 
teristic histologic findings. Myocardial diseases associated with neurologic 
and collagen disorders have been suggested by biopsy. Immunofluorescent 
staining has been used in the detection of immunologically mediated cardiac 
diseases, such as humoral cardiac transplant rejection, at Stanford Univer- 
sity Medical Center (86). Recently the cardiotoxicity of daunorubicin and 
adriamycin has also been studied by endomyocardial biopsy. Moreover, 
endomyocardial biopsy has a definite advantage in correctly diagnosing 
diseases involving the endocardium such as endocardial fibroelastosis, 
and, sometimes, endomyocardial fibrosis including Davies’ disease, endo- 
carditis parietalis fibroplastica (Lofiler), and cardiovascular collagenosis 
(Becker). 
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Figure6 (top) Deposit of amyloid substance (a) in right ventricular endomyocardial biopsy. 
Hematoxylin-eosin stain. Scale bar: 10 pm. (bottom) Electron micrograph of a number of 
amyloid fibrils (a) accumulated in the vicinity of the sarcolemma (SL) of the cardiocyte and 
in the intercellular space. ID: intercalated disc, Mf: myofibrils. Scale bar: 1 um. 
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SUMMARY 


The history, technique, complications, and evaluation of myocardial biopsy, 
particularly in cardiomyopathies, have been reviewed and discussed. As 
expected, specific histological abnormalities for the diagnosis of cardi- 
omyopathies were hard to obtain in such small fragments of myocardium. 
Rather, myocardial biopsy at present provides information on the severity 
and prognosis of cardiomyopathies, especially those with a diffuse disease 
process. However, morphologic examination is definitely valuable in diag- 
nosing cardiomyopathies, even if it merely confirms the clinical diagnosis, 
because none of the information presently given by any one diagnostic tool 
is specific enough to correctly diagnose cardiomyopathy. Endomyocardial 
biopsy is most useful from a diagnostic standpoint in acute cardiac rejection 
in transplant recipients as well as in secondary myocardial diseases: myo- 
carditis, amyloidosis, hemosiderosis, glycogen storage disease, sarcoidosis, 
etc. 

Advances in biochemical, immunologic, and more specific morphologic 
analyses will increase the usefulness of myocardial biopsy in diagnosing and 
assessing the etiology of idiopathic cardiomyopathy. 
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INTRODUCTION 


Acute lymphoblastic leukemia (ALL) can now be cured in a large porpor- 
tion of children (1). A cure for acute myeloblastic leukemia, (AML) may 
have been achieved recently for a small fraction of adult patients (2). 
Chronic myeloid leukemia (CML) has almost the same prognosis it had 50 
years ago, but recent success in eradicating the Ph' positive cell clones holds 
promise of a cure for CML. This review considers only the Ph' positive 
CML, by far the most frequent type. 


CHRONIC PHASE OF CML 
Controlling Growth of Ph’ Positive Cells 


Many agents were tested only for their capacity to induce remission in the 
chronic phase of CML, i.e. to alleviate most abnormalities except the Ph' 
chromosome. Nitrogen mustard, vinblastine, thioguanine, colcemid, chlo- 
rambucil, 6-mercaptopurine, cyclophosphamide, etc (3), all given as mono- 
chemotherapy,. can induce remission. However, in a randomized trial 
busulfan was found superior to the last three of these drugs (4—6). 

Only busulfan (7, 8), hydroxyurea (9, 10), dibromomannitol (11, 12), and 
melphalan (13) were evaluated in single-drug regimens during the entire 
chronic phase. None of them significantly lengthens the survival over that 
obtained by Minot in 1924 with supportive treatment (14) (Table 1). For 
busulfan, the response rate in untreated CML is around 98%. It is usually 
administered for several weeks at a daily dose which should not exceed 4—6 
mg and should be stopped when the WBC reaches 10—20,000/ ul (7, 8). 
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. Table 1 Results of selected therapies for chronic myeloid leukemia 


Median 
Number of Allhave survival Mode of 
Treatment patients Ph+ (months) treatment? Survival? Ref. ‘Year 


Supportive 52 no 36° — S 14 1924 
Busulfan daily 30 no 42 D S 7 1961 
Busulfan single doses 17 yes 32 D D 15 1977 
Busulfan dailyf 48 no 40 C T 31 1968 
Splenic irradiationf 54 no 28 D T 31 1968 
Dibromomannitol 73 no 43 C D 11 1973 
Hydroxyurea 43 yes 39.6 C — 10 1973 
Busulfanf 20 yes 45 D D 12 1975 
Dibromomannitolf 20 yes 45 D D 12 1975 
Melphalan 32 yes? 28.6 C T 13 1978 
L-5 protocol? 37 yes 50 D D 37 1979 
aD: discontinuous, C: continuous. cMean survival. 
bS; from first symptoms, D: from dExcept one Ph'— case. 
diagnosis, T: from beginning of €See text. 
treatment. f Randomized trial. 


When overdosage is expected, it might be more convenient to give a single 
dose of 50-150 mg every four weeks (15). After induction of remission 
whether busulfan should be given continuously at a low maintenance dose 
or discontinued until the WBC reaches 50—100,000/ ul has never been clearly 
answered in terms of patient survival. The existence of several drugs enables 
switching to another drug when toxicity or resistance (without evidence of 
transformation) appears for one agent. Whether it is preferable to use one 
of these drugs first and the other thereafter in a certain order is not known. 
There is some indication that the sequences dibromomannitol-busulfan (12) 
and busulfan-hydroxyurea are useful. 

Polychemotherapy of CML has not yet been completely evaluated. A 
cyclical combination of seven drugs each used for an eight-week period is 
presently being evaluated (cited in 16). Recently, seven patients were 
treated with busulfan (2 mg), 6-mercaptopurine (50 mg), and allopurinol 
(300 mg) daily (17). The mean time to achieve a normal leucocyte count 
was only 4.5 weeks, and the total dose of busulfan at that.point was only 
one sixth of that used when busulfan was given as a single agent. 

Extracorporeal radiation of the blood (18), repeated leukapheresis (19), 
and immunotherapy (20) require further evaluation. 


Treating the Spleen 

Early splenectomy has been proposed as an adjuvant therapy to delay blast 
crisis, based on observations that the spleen may be the source of blastic 
transformation (21-23). Whether splenectomy is-in fact effective in delaying 
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blastic transformation cannot be unequivocally determined from five of the 
published studies (10, 24-27) because they did not include random non- 
splenectomized control groups. The Medical Research Council in Great 
Britain and the Italian Cooperative Study Group on CML are presently 
conducting randomized trials on early splenectomy in CML. The most 
recent analysis of the last study indicates that splenectomized patients do 
not survive longer than nonsplenectomized patients (M. Baccharani, per- 
sonal communication 1979). On the other hand, splenectomy for decreased 
platelet production from long-term busulfan therapy appears useful since 
it gave an immediate and sustained rise in platelets in 5 of 6 patients (28). 
Postoperative death after splenectomy during the chronic phase now aver- 
ages less than 1%, but infectious and thromboembolic postoperative mor- 
bidity remains high (29). 

Late splenectomy performed in the terminal phase of CML for splenic 
infarction, persistent abdominal discomfort due to massive splenomegaly, 
thrombocytopenia, and anemia yielded significant improvement in half of 
the patients and caused only 4% mortality when performed by an experi- 
enced team (30). 

Radiotherapy over the spleen was compared with busulfan administered 
at a maximum daily dose of 4 mg followed by a maintenance dose given 
almost indefinitely (31). This study showed that, for quality of remission 
and length of survival, busulfan was significantly superior to splenic radia- 
tion. Splenic radiation as the sole form of treatment of CML has since been 
abandoned. 

A new treatment for enlarged spleens is splenic artery infusion of cytosine 
arabinoside. It reduces spleen size as well as relieves symptoms in CML 
patients in the blastic phase (32). 


Eradicating the Ph' Positive Cell Population 


Eradication of the Ph’ positive cells, and possibly cure of CML, has been 
approached by vigorous chemotherapy with or without radiotherapy during 
the chronic phase of CML. This approach assumes (a) the Ph'+ clone can 
be eradicated; (b) the Ph't CML patient has still some Ph'— hemopoietic 
stem cells; and (c) the Ph'+ cells are leukemic but the Ph'~ cells are normal. 

The first assumption appears reasonable: the Seattle group noted the 
disappearance of Ph'+ cells in four CML patients given high doses of 
dimethyl busulfan, cyclophosphamide, and total body radiation followed by 
the infusion of marrow from a genetically identical twin (33). A rapid 
hematologic recovery took place in the four patients who were clinically and 
hematologically normal 22, 23, 26, and 31 months after transplantation. All 
the metaphases examined then were Ph'— whereas all were Ph'+ before 
transplantation. 
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The second assumption, that Ph'— stem cells persist and can recover, is 
based on many arguments: (a) the coexistence of Ph'— and Ph'+ metaphases 
in the marrow of untreated CML patients (34); (b) the coexistence of Ph'— 
and Ph'+ cell colonies in CML marrow grown in vitro (35); (c) the appear- 
ance of Ph'— cells as a consequence of unexpected busulfan-induced aplasia 
(36); and (d) the appearance of Ph'— cells as a consequence of intensive 
chemotherapy (37, 38). The L-5 protocol (37), administered to 37 patients, 
began with radiation of the spleen followed by splenectomy. Chemotherapy 
consisting of cytosine arabinoside and thioguanine (and L-asparaginase) was 
started thereafter. In the responders, a maintenance therapy (hydroxyurea 
or multiple drug regimen) was administered. Of 29 evaluable cases, 12 had 
a decreased percentage of Ph'+ cells ranging from 0 to 27% of the baseline 
value. The reduction of the Ph'+- chromosome was difficult to maintain. It 
lasted from less than 2 months (3 patients) to more than 3 years (2 patients). 
The median survival of those patients with reduced Ph'+ cells probably will 
be appreciably longer than the 34-month median of nonresponders. How- 
ever, these results should be interpreted cautiously since at diagnosis signs 
of good prognosis were more frequent among the responders than among 
the nonresponders. More recently, the same group using a more aggressive 
protocol (L-15) obtained 57% complete remission with complete disappear- 
ance of the Ph'+ chromosome (38). Two patients relapsed at 3 and 4 
months, but four remain in remission from 1 to 16 months. 

The third assumption, that the Ph'— hemopoietic cells are nonleukemic, 
is more hazardous. As a matter of fact, experimental studies using G-6PD 
isoenzymes as cell markers, suggest that the Ph' chromosome could be only 
a late and secondary event in leukemogenesis since Ph'- lymphocytes (39), 
and Ph'— granulomonocytic colony-forming cells (40) as well, appear to 
belong to the leukemic clone. Whatever the true nature of the Ph'— cells, 
their presence originally (34) or after treatment (36, 37) appears to improve 
the prognosis of CML. 


BLASTIC TRANSFORMATION OF CML 


Between 56 and 86% of CML patients expire in blast crisis. In a literature 
survey from 1969 to 1976, the rate of complete remission on 238 patients 
treated by all sorts of chemotherapy was only 13% (41). However, survival 
of the responders was eight months and of the nonresponders only two 
months (41), so treatment is justified. 

An important step has been the recognition that CML blast crisis is 
heterogeneous with respect to cellular expression and that some characteris- 
tics of leukemic blasts have predictive value for response to treatment. The 
most frequent type of acute leukemia transformation is myeloblastic (42) 
but 20-30% of the patients have leukemic cells with the morphologic (43), 
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cytochemical, and immunologic (44) characteristics of lymphoblasts. High 
levels of the enzyme terminal deoxynucleotidyl transferase (a prelymphoid 
cell marker) in the leukemic cells was observed in 13 of 22 patients with 
Ph'+ blastic CML, but this had no significant correlation with myeloblastic 
or lymphoblastic blast cell morphology (45). 

ALL-type therapy (daily prednisone and weekly vincristine), presently 
one of the most effective treatments for transformed CML, induces com- 
plete remission in 16-37% of all cases (46, 47). Responsiveness was corre- 
lated with hypodiploidy, lymphoblastic morphology (48), and reactivity 
with antiserum specific for ALL of non-T, non-B type (49). The lympho- 
blastic morphology was associated with a significantly longer median 
survival (six months) than was the myeloblastic type (three months). 
The presence of terminal transferase-positive cells appeared as a better pre- 
dictor of responsiveness to this treatment since all eight complete remis- 
sions belonged to the group of 13 terminal transferase-positive patients 
(45). 

AML-type chemotherapy has been extremely disappointing in trans- 
formed CML. A chemotherapy regimen called TRAMPCO(L) (50) de- 
serves more attention. It consists of seven drugs (thioguanine, daunomycin, 
cytosine arabinoside, methotrexate, prednisone, cyclophosphamide, vincris- 
tine, and L-asparaginase) given monthly in moderate doses. It gave a good 
response in 8 of 19 patients. 

High dose chemotherapy, usually with total body radiation and followed 
by marrow reconstitution, has been tested in a few centers (33, 51-53). The 
antileukemic treatment differed, but in most cases it consisted of cyclophos- 
phamide (60 mg/kg/day for 2 days) followed by total body radiation. One 
or several of the following drugs were also given: dimethyl myleran, dauno- 
mycin, cytosine arabinoside, 6-thioguanine, epidophyllotoxin, hydroxy- 
urea, etc. For marrow rescue, different sorts of hemopoietic cells have been 
transplanted: marrow cells from a genetically identical twin (33), allogeneic 
marrow cells from an HLA-identical sibling (51), autologous marrow cells 
harvested at diagnosis and stored in liquid nitrogen until blastic transforma- 
tion (52), and autologous white blood cells stored as above (53). The two 
modalities using autologous cells can, of course, only control the blast crisis 
since the procedure implies the reestablishment of the chronic phase. A few 
observations are already available from these four studies: (a) clearance of 
blast cells from the marrow was obtained in most cases; (b) early recurrence 
of blasts was frequent; (c) a few promising long-lasting remissions have been 
obtained; (d) engraftment was rarely a major problem; (e) for autotrans- 
plantation, chronic phase CML cells from the blood may be more appropri- 
ate than those from the marrow; and (f) in the study using allogeneic 
marrow cells, the median survival was only 43 days because of a very high 
incidence of septicemia and interstitial pneumonia (53). 
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SUMMARY 


Most known chemotherapy agents, used singly, may induce remission of 
CML. Those that best alleviate symptoms (anemia, splenomegaly, etc) do 
not change either the Ph' chromosome anomaly in the hemopoietic cells nor 
the median delay of 3—4 years before fatal blastic transformation. 

A new goal has recently been formulated in CML therapy, namely com- 
plete remission, i.e. disappearance of all signs of leukemia including the Ph' 
abnormality. This can be achieved in certain cases by the use of aggressive 
(radio)chemotherapy during the chronic phase of CML. Whether or not it 
means cure of CML awaits further investigation. Encouraging results with 
these new therapeutic modalities during the chronic phase, and the possibil- 
ity of rescuing toxic marrow aplasia by autologous cryopreserved blood 
stem cells, make it less and less defensible to await CML transformation 
before using aggressive “eradication” therapy. ' 
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PLASMA EXCHANGE IN +7351 
GLOMERULONEPHRITIS 
AND RELATED VASCULITIDES 


C. M. Lockwood, M.D. and D. K. Peters, M.D. 


Royal Postgraduate Medical School, Hammersmith Hospital, London, England 


INTRODUCTION 


The past several decades have witnessed striking advances in the under- 
standing of allergic disease with identification of various types of allergic 
tissue injury and definition of mediator mechanisms. In the case of glomeru- 
lar disease, Dixon and his colleagues described two classes of injury, the first 
due to antibodies to glomerular basement membrane and the second to 
immune complexes (1). Against the background of the explosive growth in 
immunology further progress in understanding of human glomerular dis- 
ease has been relatively slow: littleis yet known of the initiating mechanisms 
responsible for autoantibody production or of the nature of the antigens that 
provoke the formation of antigen antibody complexes. Advances in treat- 
ment have been even less spectacular. Except for the treatment by steroids 
and cyclophosphamide of the minimal-change nephrotic syndrome (a con- 
dition in which the allergic mechanisms are still obscure), there is little 
evidence for therapeutic value of any of the currently available immunosup- 
pressive drugs in human nephritis. However, in experimental models of 
allergic glomerular injury it has been possible to show that various manipu- 
lations can modify disease activity: reduction of antibody formation by 
immunosuppression (2); interference with the humoral inflammatory me- 
diators such as complement (3) or coagulation factors (4); or depletion of 
polymorphonuclear leucocytes (3, 5). But in man steroids, cytotoxic drugs, 
and anticoagulants have had little success. 

Against this background we developed an approach to the treatment of 
severe glomerular injury by using intensive plasma exchange to deplete 
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circulating nephrotoxic macromolecules—autoantibodies or immune com- 
plexes—as well as to deplete certain of the inflammatory mediators. This 
paper describes our experience of this therapeutic regimen over a period of 
approximately four years. 


EFFECT OF PLASMA EXCHANGE ON PLASMA 
PROTEINS 


We have carried out plasma exchange on a Haemonetics Model 30 cell- 
separator. We found that daily four-liter exchanges : could be carried out 
easily, with little discomfort to the patient, and within 114 to 2 hours using 
an arteriovenous Scribner shunt. However, according to necessity, we have 
also obtained vascular access by subcutaneous arterovenous fistula or by 
an inferior vena cava catheter introduced by Seldinger’s technique through 
the femoral vein. If a long period of daily plasma exchange was not antici- 
pated, then conventional access using the antecubital veins was found satis- 
factory. The optimal volume of plasma to be removed at each exchange was 
determined by using a dye (Evans Blue) as a marker of the intravascular 
constituents and }3!J-labeled IgG (given 48 hours before exchange) as an 
immunoglobulin marker. A four-liter exchange removed approximately 
90% of the Evans Blue and 65% of the previously administered radio- 
labeled IgG. 

The effect of such exchanges, carried out daily, on native plasma compo- 
nents will depend on the constitution of the replacement material and the 
synthesis rates of the components. The kinetics of synthesis, in turn, may 
be modified by various factors such as drug therapy and, for the broad class 
of “acute-phase” reactants, the degree of accompanying inflammatory 
stimulus. If plasma protein fraction (PPF), a semipure albumin solution, is 
used for plasma replacement, then in the absence of an inflammatory acute- 
phase stimulus (as evidenced by normal concentrations of C-reactive pro- 
tein) daily four-liter plasma exchanges result in a state of profound 
hypogammaglobulinemia (IgG levels 0.2-0.3 grami per liter), hypocom- 
plementemia (C3 20-40 mg per 100 ml), and hypofibrinogenemia (fibrino- 
gen 80-100 mg per 100 ml). 


PLASMA EXCHANGE IN THE MANAGEMENT 
OF GLOMERULONEPHRITIS 


Rapidly progressive (“crescentic” or “malignant”’) nephritis is an important 
cause of renal failure. The hallmark of this form of nephritis is the rapid 
development of renal failure due to an acute necrotizing glomerulitis with 
extensive crescent formation. Two pathogenetic mechanisms have been 
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identified (1). The first involves the production of antibody to the glomeru- 
lar basement membrane (GBM): fixation of this in the kidney, and probably 
also to cross-reacting antigens in the lung basement membrane, produces 
the combination of nephritis and lung hemorrhage known as Goodpasture’s 
syndrome (6). Anti-GBM antibody can be detected in the circulation of 
patients with Goodpasture’s syndrome by radioimmune assay (7), and its 
pathogenetic significance has been established by experiments in which 
antibody eluted from diseased kidneys caused a severe nephritis in subhu- 
man primates (8). The forms of rapidly progressive nephritis not mediated 
by anti-GBM antibody are generally assumed to be mediated by immune 
complex (IC), though here the evidence for the pathogenetic role of IC’s is 
less direct. Circulating immune complexes and glomerular deposits of im- 
munoglobulin and complement occur to a variable extent. This type of 
nephritis is usually part of a multisystem disease such as the microscopic 
form of polyarteritis, Wegener’s granulomatosis, or Henoch-Schonlein pur- 
pura; rarely is disease confined to the kidney alone (9). 


MONITORING OF PLASMA-EXCHANGE THERAPY 
IN GLOMERULONEPHRITIS 


Immunological Tests 


We have used two sensitive radioimmune assays (7, 10) to measure circulat- 
ing anti-GBM antibodies, which have been detectable in all patients with 
characteristic renal biopsy immunofluorescence. In immune complex dis- 
ease, the assays we used-—the Clq binding assay and the conglutinin bind- 
ing assay—were only positive in approximately half of the patients. 
However, serial measurements in patients showing such circulating immune 
complexes (CIC) indicated that the tests were reasonably well correlated 
with disease activity (11). 


Target Organ Damage 


Kidney damage has been assessed by standard clinical methods—particu- 
larly serial examinations of urine sediment, creatinine clearance, and in 
some patients serial renal biopsies. In anti-GBM disease a reliable index of 
pulmonary involvement was required. Ewan et al (12) showed that the 
sequential measurement of kCO was a sensitive test of fresh lung bleeding; 
daily measurements being superior to serial chest X rays. In immune com- 
plex disease, multisystem involvement, presumably due to widespread vas- 
culitic lesions, is a common feature, and a method for monitoring cerebral 
blood flow and metabolism using the isotope 15O has been applied to our 
patients (13). 
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Splenic Function 

In patients with IC disease, infrequent small-volume plasma exchange could 
produce effects greater than could be accounted for on the basis of the 
simple physical removal of complexes. This was attributed to alteration in 
the phagocytic activity of the reticuloendothelial system (RES) (14, 15). We 
tested this possibility using two techniques to measure splenic function in 
vivo (16). Both involved measurement of disappearance times of autologous 
labeled erythrocytes. In the first, the patient’s red cells were coated with a 
non-complement-fixing anti-D IgG. The clearance of such cells is by way 
of Fe receptors on splenic macrophages but such a test is restricted to 
Rh-D-positive patients. In the second, the patient’s red cells were thermally 
damaged (49.5°C for 20 minutes); normally such cells are rapidly removed 
by the spleen. 


RESULTS OF PLASMA EXCHANGE IN ANTI-GBM 
DISEASE 


We have treated 28 patients with anti-GBM disease: 26 showed evidence 
of nephritis and lung hemorrhage (by clinical history, chest X ray, or 
changes in kCO) and two had nephritis alone. The therapeutic regimen has 
been described elsewhere (17). In general, daily four-liter plasma exchanges 
were combined with cyclophosphamide 3 mg/kg/day and prednisolone 
60 mg/day. More recently azathioprine in a dose of 1 mg/kg/day has 
been used in addition. The dose of cyclophosphamide was reduced to 2 
mg/kg/day and azathioprine was omitted in patients older than 55 years 
to reduce the risk of infection. Cytotoxic drugs were withdrawn if infection 
or leucopenia (WCC 4000 mm) occurred, and only exceptionally was 
cyclophosphamide continued for longer than 8 weeks. 


Effect on Renal Function 

Ten of the 28 patients mentioned above had established anuria by the time 
of referral and extensive destruction of glomerular architecture was shown 
by renal biopsy. No recovery of renal function occurred in any patient in 
this group. Five patients had severe impairment of renal function at presen- 
tation (four adults with creatinines > 600 ymol/liter and one four-year-old 
child with creatinine > 400 zmol/liter). Of these five, deterioration in renal 
function continued despite plasma-exchange treatment in one; was arrested 
but later deteriorated in a second; and in a third, gradually improved after 
a short period of dialysis; a fourth patient died within 72 hours of fulminat- 
ing septicemia and pulmonary hemorrhage; and in the four-year-old child 
technical difficulties with vascular access precluded more than three plasma 
exchanges. Thirteen patients presented with deteriorating renal function 
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(creatinines < 600 pmol/liter), and in 12 of these patients renal function 
improved and stabilized following institution of plasma-exchange and drug 
therapy (in two, prior treatment with high dosage immunosuppressive 
drugs and steroids had failed to reverse the decline in renal function). In 
the remaining patient, in whom early effective exchange was not possible 
because of problems with vascular access, rapid and irreversible deteriora- 
tion in renal function occurred and showed no response to the eventual 
introduction of plasma exchange. 


Control of Lung Hemorrhage 

Episodes of lung hemorrhage were rapidly controlled in all but one patient, 
who died of septicemia, lung abscesses, and pulmonary bleeding 72 hours 
after referral. A “late” death from lung hemorrhage also occurred in an- 
other patient, who had been transferred for maintenance dialysis at another 
hospital. 


Effect of Regimen on Antibody Levels | 
Although overall antibody levels fell with plasma-exchange treatment (Fig- 
ure 1), the rate of fail was variable. In some patients (Figure 2), autoanti- 
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Figure 1 Duration of detectable circulating anti-GBM antibody in 28 plasma-exchange 
patients as measured by solid phase anti-GBM assay (10). Normal range is less than 10% 
binding. 
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Figure2 Anti-GBM nephritis. Sequential measurement of serum creatinine and anti-GBM 
antibody in patient KS. Note that introduction of immunosuppression does not halt rise of 
either creatinine or antibody. 
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body synthesis was apparently stopped by the treatment regimen and in 
these patients the effect was permanent. Improvement in renal function 
occurred as antibody disappeared from the circulation. In other patients, 
however, improvement in renal function was maintained despite persistence 
of circulating antibody. In patients with established anuria plasma exchange 
was used simply to control lung hemorrhage. Here only a slow fall in 
antibody levels was observed; however, in this group plasma exchange was 


generally used for short periods only. 


Transplantation 


Of four cases studied to date, successful transplantation was carried out 
only when antibody was no longer detectable (one patient). Transplantation 
was carried out elsewhere in three patients with circulating antibody. All 
three transplants failed, and immunofluorescence showed linear deposition 
of anti-GBM antibody in two: the extent to which recurrent nephritis, as 
distinct from rejection, contributed to failure is uncertain. The remaining 
patient suffered hyperacute rejection within 30 minutes, and the kidney 


showed no linear staining. 
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Deaths 


Seven of the 28 patients have died. In three, death could be ascribed to 
disease activity—as mentioned above two patients died of lung hemorrhage 
and a four-year-old child was not offered dialysis support. In the remaining 
four, infection caused death in two (pneumonia and “hepatitis” six weeks 
and one year after discharge respectively), aplastic anemia terminating in 
septicemia occurred in the third after three months, and a myocardial 
infarct one week after transplant occurred in the fourth. 


RESULTS OF PLASMA EXCHANGE 
IN IC NEPHRITIS 


Nineteen patients with a putative IC nephritis have been treated by the 
plasma-exchange regimen. 


Clinical Effects 


Improvement in renal function occurred in all 17 patients who were not 
anuric at referral; the remaining two (anuric) patients showed no recovery 
of renal function. Improvement in renal disease was closely related to the 
institution of plasma exchange in 15 of the 17 patients; in two patients renal 
function improved 2—6 weeks after stopping a series of exchanges. As well 
as renal function other manifestations of system disease improved concomi- 
tantly. 


Effects on Immune Complexes 


Immune complexes were detectable in 10 of 18 sera available for study at 
the time of presentation. In addition, cryoglobulins (found in four patients) 
were present in two more patients in whom tests for immune complexes 
were negative. The greatest benefit appeared to be in those patients in whom 
circulating immune complexes had been identified at the start of treatment 
(Figure 3), though good responses were also seen in CIC-negative patients. 
In general, detectable circulating immune complexes have not been a fea- 
ture of follow-up in these patients. In only two patients (on one occasion 
each) of the 11 patients followed-up for a total of seven “patient-years” were 
IC’s demonstrated. 


Deaths 


Six patients have died. Three patients died (at 8, 10, and 24 weeks after 
discharge) because of opportunistic infection, one died from a cerebrovascu- 
lar accident, and one patient died while on maintenance dialysis therapy; 
in the remaining patient death was attributed in part to poorly controlled 
disease activity and in part to a supervening infection. 
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Figure 3 IC nephritis. Serial measurement of serum creatinine and immune complexes as 
measured by Ciq assay (normal < 15% deviation of Clq) in: patient JR with Wegener’s 
granulomatosis. Note a second rise in Cig deviation precedes rise in serum creatinine with 
return to predeterioration values after a second series of plasma exchanges. 


Effect on Reticuloendothelial System l 


Using autologous isotope-labeled IgG-coated or heat-damaged erythrocytes 
that are normally removed by the spleen, we showed that clearance times 
for these cells were abnormal in 13 patients with nephritis and/or vasculitis, 
and that where circulating immune complexes were demonstrated, clear- 
ance times were generally correlated with levels of circulating complexes. 
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Clearance times reverted to normal after a period of plasma exchange in 11 
of 13 patients (see Figure 4). In certain patients we showed that levels of 
complexes continued to fall after plasma exchange was discontinued, possi- 
bly as a result of unblocking the impaired phagocytic function brought 
about by the overwhelming level of immune complexes present before ex- 
change (Figure 5). 


DISCUSSION 


Plasma-Exchange in other Immunological Diseases 
Control of active disease by reducing circulating autoantibody has now been 
applied to a variety of conditions. They include myasthenia (18), pemphigus 
(19, 20), rhesus disease (21), and hypoimmunoglobulinemia due to antibod- 
ies to B lymphocytes (22). In a significant proportion of patients with 
anti-GBM disease, the regimen resulted in cessation of anti-GBM antibody 
synthesis, which suggests that a number of autoantibody-mediated diseases 
may be cured rather than just controlled by this approach. 

Removal of circulating immune complexes with concomitant resolution 
of disease activity has been reported in various disorders. In systemic lupus 
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Figure 4 Pre- and post-plasma-exchange measurements of isotope-labeled autologous red 
cells altered either by thermal damage or coating with IgG. The number of exchanges between 
measurements is shown. 
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Figure 5 Serial measurements of Ciq binding during two plasma exchanges in patient RE 
with SLE. (Normal serum binds less than 40 yg equivalent aggregated IgG.) Note complex 
levels continue to fall after exchange. Heat-damaged cell clearance is abnormal when detect- 
able complexes are present. 


erythematosus (SLE) Verrier-Jones et al (14) reported that plasma ex- 
change seemed to be of benefit in those patients with fulminating disease and 
high level of circulating complexes; other researchers (23) have recorded 
similar results. In cutaneous vasculitis, plasmapheresis alone at intervals of 
3—4 weeks has been successful in the management of certain patients (24). 
Persistent nephritis attributed to circulating complexes detectable in the 
circulation long after successful antibiotic treatment of infective endocardi- 
tis has also shown good response to plasma exchange (25). Studies of 
immune mechanisms in certain neoplastic conditions suggest that antibod- 
ies or immune complexes may be of pathogenetic significance. Preliminary 
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reports suggest that plasma exchange may be of some help (26, 27). Further 
investigation is necessary before reaching firmer conclusions about the value 
of interfering with immune mechanisms whose pathogenetic contribution 
remains unclear. | 


Comment 


As a direct method of manipulating the constitution of the vascular com- 
partment (and presumably the cellular environment) plasmapheresis is the 
most effective and immediate form of treatment available. Its limitations are 
determined by the role which humoral factors play in the development of 
the disease, whether primarily (such as specific autoantibodies) or sec- 
ondarily (such as the mediators of the inflammatory response, e.g. fibrino- 
gen or complement). Clearly, as far as primary pathogenetic agents are 
concerned, rate and duration of synthesis, specificity, and affinity are all 
properties that affect contribution to control of the disease. Accurate moni- 
toring techniques of the levels of such factors are therefore of great impor- 
tance: Expense, supply of plasma substitute, and time involved restrict the 
use of intensive plasma exchange as a long-term therapeutic tool. 

Turning to the effect of plasma exchange on. impaired reticuloendothelial 
function, experimental evidence shows that if the RES is overloaded, depo- 
sition of factors such as immune complexes normally cleared by this system 
occurs at other sites (28). However, this situation is not easy to achieve: 
relatively large quantities of IC’s are necessary to bring about even a short- 
lived blockade of the reticuloendothelial system. That this impairment can 
be demonstrated in a relatively large proportion of patients with nephritis 
or vasculitis is important and implies that in human disease, associated with 
presence of immune complexes, impaired reticuloendothelial function can 
lead to deposition of injurious complexes in other organs and perhaps to the 
manifestations of multisystem injury which are the hallmark of immune 
complex disease. The freeing of reticuloendothelial blockade by a short 
period of plasma exchange may allow recovery of phagocytic function such 
that remaining immune complexes are cleared normally. 

Replacing the plasma removed with fresh plasma, rather than albumin 
solution, may consequently replace components deficient in the. patient’s 
native plasma. In this respect the claim that greater benefit may be accrued 
by use of fresh plasma in the plasmapheresis of patients with SLE is of 
interest (29). A similar explanation could account for the reported improve- 
ment in patients with thrombotic thrombocytopenic purpura undergoing 
plasma exchange (30). Other workers found comparable benefit from simple 
infusion of fresh-frozen plasma (31). Specific enrichment or depletion of 
naturally occurring inhibitors in replacement plasma is currently being 
explored in our laboratory. 
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Clearly a major difficulty in assessing the value of this expensive form of 
therapy is mounting appropriate control studies. In anti-GBM disease, we 
think the results together with the evidence of control of anti-GBM anti- 
body production are sufficiently impressive to justify the approach. More 
difficulty exists in the IC disease group, because of its heterogeneity. How- 
ever, in this situation, we are currently conducting a control trial, in the 
hope of establishing the value of this treatment. 
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INTRODUCTION 


Acute allergic disorders include anaphylactic shock, asthma, allergic rhini- 
tis, and a variety of skin ‘conditions such as urticaria and eczema. The 
pathological mechanism of acute allergic diseases are well enough under- 
stood to formulate a rational approach to therapy. A brief description of 
acute allergic disorders is followed by a discussion of their clinical pharma- 
cology and some new approaches to treatment. We aim to give insight into 
mechanisms of actions of clinically useful drugs and‘ also to demonstrate 
where a knowledge of pathology could be utilized to develop new therapeu- 
tic approaches. 


MECHANISM OF ALLERGIC DISORDERS 
Antigenic Challenge 


The initial event in the genesis of an allergic response is the access of the 
antigen to those sites in the immunological effector system that bear the 
specific receptors for antigen. This involves the passage of the antigen across 
mucosal surfaces, and little is known about the processes limiting or con- 
trolling such passage. 


‘Present address: Department of Pharmacology, University College London, London 
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Antibody Response 


Receptors for antigen within the immunological oe appear to be multi- 
ple and are probably present on B lymphocytes, T lymphocytes, and macro- 
phages. Different receptors for a specific antigen ‘probably exist on the 
various cell types that become involved in antibody generation and its 
control. 

Interaction of antigen with B cells or their precursors initiates the 
differentiation of such cells into memory B cells and IgE-antibody-secreting 
plasma cells. In addition, antigen appears to interact with a population of 
T lymphocytes to generate T suppressor cells, which inhibit IgE production 
from triggered B celis (1). Another population of T cells become helper cells 
and augment the IgE-B cell response; helper T cells may be produced by 
interaction of the T cell precursors with antigen-stimulated macrophages 
(2). There is also evidence that the suppressor T cells may be antigen- 
specific or nonspecific (3, 4). To complement the cellular control of IgE 
production there appears to be a soluble factor capable of exerting suppres- 
sor effects. The exact nature of the factor is unknown but it is similar to 
Bz microglobulin, and is not itself an antibody (5). It is important to realize 
that antigen generates IgG antibody as well as IgE antibody and the relative 
proportion of these classes may be influenced in several ways (6, 7), a fact 
that may be of some therapeutic significance, as discussed below. 

The ultimate product of the cellular and humoral events that follow 
interaction of antigen with the immune system is antigen-specific IgE anti- 
body. The IgE antibody secreted by the mature plasma cells appears in the 
circulation and also fixes to cells (8, 9). IgE is very selective in terms of its 
cellular binding site, binding only to tissue mast cells, circulating basophils, 
and some B lymphocytes. 


Cellular Response 


The specific receptor site on mast cells and Gasopliils for IgE is similar and 
is of high affinity (Ka = 10" liters-mole-!) ( 10). There are about 10° 
receptors on each cell (11) and the receptor has been extracted and purified 
from the cell membrane proteins (12, 13). Several experimental approaches 
support the hypothesis that cross-linking of the IgE receptors on the mast 
cell or basophil membrane signals those cells to release preformed media- 
tors and to synthesize other mediators that are not stored preformed within 
the cell. For example, antigen must be at least bivalent to stimulate cells to 
release mediators (14,.15); anti-IgE will release histamine as long as both 
combining sites are joined (16), but the Fab' monomer anti-IgE will not 
activate mediator release. Chemically dimerized IgE will release histamine 
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when it binds to the cell, but monomer will not (17). The most elegant 
evidence that receptor cross-linking is the cellular trigger comes from exper- 
iments with antireceptor antibody. It has been shown that (Fab’), anti- 
receptor antibody releases histamine from mast cells without the 
participation of IgE whereas the monomer Fab’ is not a sufficient trigger 
(18). 

The cross-linking of IgE-receptors on the membrane is transduced into 
information useful to the cell for releasing and synthesizing mediators. The 
transduction appears to involve the opening of a calcium channel in the cell 
membrane, allowing calcium to enter the cell. A rise in free calctum concen- 
tration within the cell is thought to bring about fusion of granule and cell 
membranes to release preformed mediators by exocytosis of granules (19). 
Calcium entry may also initiate synthesis of those mediators that are not 
preformed (20). 

The formation of calcium channels following receptor cross-linking in- 
volves biochemical changes in membrane phospholipids: phosphatidyl 
inositol turnover increases (21) and phospholipid methylation occurs (22). 
The control of the mediator release activated by calcium entry probably 
involves intracellular cyclic nucleotide levels, which in turn are influenced 
by the interaction of hormones such as adrenaline, adenosine, and histamine 
at specific receptors on the cell surface (23-25). Increased intracellular 
levels of ¢yclic AMP inhibit mediator release probably by inhibiting calcium 
gate formation (26). Analogous to other systems (27), cyclic AMP could 
inactivate calcium channels by stimulating a protein kinase that phosphory- 
lates the channels. 


Mediators 


The classical mediator of allergic phenomena is histamine, which is stored, 
preformed, within mast cell and basophil granules. In addition to histamine, 
the spasmogenic “slow reacting substance of anaphylaxis” (SRS-A) is syn- 
thesized (28), and prostaglandins are generated (29). Both of these probably 
act as mediators and recent work suggests that SRS-A, like the prostaglan- 
dins, is a product of arachidonic acid metabolism (30). In addition to 
histamine, SRS-A and prostaglandins which stimulate smooth muscle and 
increase vascular permeability, the allergic reaction generates factors which 
cause chemotaxis of eosinophils (31) and neutrophils (32). Also, mast cells 
and basophils liberate a proteolytic enzyme that cleaves Hageman factor 
and leads to production of kinins (33). 

The summary of our knowledge about the mechanism of allergic reac- 
tions given above and shown in Figure 1 forms the basis of the following 
review of current and novel approaches to the therapy of these reactions. 
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Figure | Diagrammatic representation of the major components of the sequence of events 
in the generation of an allergic response to antigen. 


THERAPEUTIC APPROACHES IN ALLERGIC 
DISORDERS 


Restricting possible contact of allergic individuals with the source of anti- 
gen forms an essential part of the management of allergic diseases, but at 
the present time there are no pharmacological tools for preventing the 
access of antigen to the immunological effector system. 

Currently the most exciting area for the development of drugs for treating 
allergic diseases is the immunological effector system, From what has been 
said above, it will be clear that generation of suppressor T cells, inhibition 
of helper T cells, production of soluble suppressor factors, or the inactiva- 
tion of lgE-producing cells are all theoretically feasible modes of interfering 
with allergic diseases. Some progress has been made in the generation of 
antigen-specific suppressor T cells by Takatsa & Ishizaka (34), who have 
shown in mice that the presentation of denatured antigen causes a decrease 
in serum IgE together with the generation of suppressor T cells that exert 
suppressor activity on IgE production. A clinical trial based on this ap- 
proach involved individuals who were known to be allergic to ragweed 
pollen. Treatment of these subjects with urea-denatured antigen E of rag- 
weed pollen led to a reduced IgE and IgG response compared with the 
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response to nondenatured antigen (35). The lymphocytes of patients treated 
with denatured antigen showed impaired thymidine incorporation follow- 
ing antigen stimulation, but symptoms were not improved by the treat- 
ment. 

Other experiments (36) in mice have shown that nonspecific ablation of 
T cells leads to an increase in IgE antibody responses but there is, at present, 
no method that could be tested in man for attempting to stimulate non- 
specifically suppressor T cells. More promising perhaps is the observation 
that injection of adjuvants such as complete Freund’s adjuvant into experi- 
mental animals leads to the generation of one or more soluble factors 
capable of suppressing the IgE antibody response (5). The exact nature of 
these factors is so far unknown, but they can be passively transferred from 
animal to animal and they are not immunoglobulins (37). There is some 
evidence that they may be associated with the plasma 8, microglobulins. 
Again, the human equivalent of these suppressor factors has not been 
explored but it is attractive to speculate that knowledge of the chemistry 
of such factors could form the basis of a drug development program for the 
suppression of IgE production in response to allergenic stimulation. 

Attempts to inactivate the B cells or plasma cells that lead to IgE secre- 
tion have proved successful in experimental animals and we await the 
clinical application of this approach. B cells are inactivated through use of 
haptenic groups chemically conjugated with a nonimmunogenic polymer of 
D-glutamic acid and D-lysine (38). Cells previously sensitized for IgE anti- 
body production are rendered specifically and irreversibly insensitive by 
treatment with these haptenic conjugates. The method appears to involve 
only B cell inactivation and no modulation of T cell response (38). 

Once antibody has been produced, the antigen-antibody reaction that 
triggers the cells to release mediators can be prevented in two ways. One 
way is to block the binding of the antibody to the cells; in this regard a 
recent report that a peptide fragment of IgE could inhibit allergic skin 
response to antigen is of interest (39). It is conceivable that a polypeptide 
of similar structure to the Fc region of the IgE molecule could occupy Fc 
receptors on mast cells and prevent the binding of antigen specific IZE. The 
Original observation was not confirmed (40) and again this remains an 
approach for further work. 

A second means of blocking the antigen-antibody reaction is immuno- 
therapy, which is thought to prevent antigen binding to cell-fixed IgE. But 
immunotherapy is of proven value only in some allergic diseases, for exam- 
ple allergic rhinitis due to pollen antigens, but in other instances such as 
asthma this therapy is not clinically efficacious. Blocking antibodies of the 
IgG class are supposed to bind the antigen and prevent its access to mast 
cells. The blocking antibody hypothesis is not universally accepted as the 
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explanation of the clinical efficacy of immunotherapy but it remains an 
attractive model. 

Using the recent report of the clinical value of immunotherapy with a 
specific protein molecule, investigators can now rigorously test the blocking 
antibody hypothesis. Lichtenstein and colleagues (41) showed that injec- 
tions of phospholipase from bée venom leads to IgE and IgG antibody 
responses, and patients sensitive to bee stings are entirely protected from 
anaphylaxis by this treatment. Marsh and colleagués (42) used formalde- 
hyde-treated allergens called allergoids (cf toxoids) to generate excess IgG 
relative to IgE antibodies, thereby stimulating blocking antibody produc- 
tion and reducing sensitivity to allergen. The trial of this approach in man 
continues but the initial results suggest that while it is effective, the use of 
allergoid to “desensitize” patients is only marginally better than allergen. 

The pharmaceutical industry has actively attempted to develop drugs 
that inhibit the release of mediators by acting directly on mast cells or 
basophils ever since cromoglycate was discovered (43). The mediator re- 
lease described suggests that drugs which elevate cellular cyclic AMP 
(8-adrenergic receptor agonists, phosphodiesterase inhibitors) should sup- 
press mediator release. Another method of reducing release of mediators 
would be to prevent calcium transport into mast cells: indeed, elevation of 
cyclic AMP levels may do just that (44). Activation of a B-receptor in 
human lung is certainly capable of inhibiting mediator release by antigen- 
IgE stimulation (45), and this may account in part for the clinical effective- 
ness of £-agonists in the therapy of asthma. It is presumed that 8-receptor 
stimulation activates adenyl cyclase and causes a rise in intracellular levels 
of cyclic AMP. | 

Theophylline is similarly active in preventing mediator release and may 
do so by virtue of inhibiting the phosphodiesterase enzyme responsible for 
destroying cyclic AMP. However, theophylline is an antagonist of adeno- 
sine at those concentrations at which it exerts its clinical effect (46); this 
mechanism might account in part for its suppression of allergic diseases, 
since adenosine increases histamine release from mast cells (47). It should 
be noted, however, that in human basophils adenosine itself inhibits allergic 
mediator release (25). 

Cromoglycate belongs to a novel class of drugs that also appear to act 
by inhibiting mediator release. (48). It has the apparent disadvantage of 
only being active when administered by inhalation. It is noteworthy that 
many thousands of compounds screened for cromoglycate-like activity in 
rat mast cells, and subsequently found to be antiallergic when administered 
orally to experimental animals, have failed to yield a;new drug for clinical 
use. The mode of action of cromoglycate remains unknown but there is 
evidence that it blocks the antigen-stimulated transport of calcium across 
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the mast cell membrane (49). The drug is also a phosphodiesterase inhibitor 
but the low potency of this action suggests that it is unrelated to the clinical 
effect of the drug (50). 

The final step in the generation of an allergic response is the action of 
mediators on target organs. Mediator antagonists currently form the most 
powerful battery of drugs for the clinical management of allergic diseases. 
Evidence suggests that antagonists to several mediators must be employed 
to abolish an allergic response: histamine, SRS-A, and prostaglandins ap- 
parently contribute the most. Antihistamines acting on H; receptors can 
abolish the allergic response in some animal species but in man they are, 
at best, only partly effective in suppressing allergic rhinitis. In asthma both 
H; and H, antihistamines are ineffective (51). In experimental models the 
combination of SRS-A antagonist and antihistamine blocks most of the 
bronchial smooth muscle response to an antigen-antibody reaction (52). 
The development of the SRS-A antagonist FPL 55712 is clearly a major 
advance (53), and the recent description of the structure of SRS-A (54) 
should lead to more rapid progress toward clinically useful SRS-A antago- 
nists. 

Nonspecific antagonists of the actions of mediators, for example, 82- 
receptor agonists and phosphodiesterase inhibitors, are the mainstay of 
allergic disease therapy. Steroids, which are clinically the most potent drugs 
used to treat allergic diseases, also appear to act predominantly by suppress- 
ing the effects of released mediators, although their precise mechanism of 
action is unknown. It is interesting that steroids are of little or no value in 
anaphylaxis but are very potent in chronic allergic diseases. A significant 
advance in steroid therapy has been the production of very potent steroids 
such as beclamethasone in a form for topical administration by inhalation 
or spray (55). Such topical administration has marked clinical efficacy while 
reducing to a very large degree the likelihood of side effects from steroid 
administration (55). 

It is interesting that transfer from oral to inhaled therapy with steroids 
has yielded such a drastic advance for clinical medicine while the drug 
houses have so far been unable to develop an orally active cromoglycate-like 
compound. Allergic diseases are usually manifest locally, and so locally 
directed pharmacology may well prove to be of greatest benefit to patients. 
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INTRODUCTION 


Human blood cells are the targets of autoimmune reactions in a variety of 
diseases. In vitro immunologic testing is useful in clinically defining im- 
mune hemolytic anemia and, more recently, immune thrombocytopenia. 
Such testing is useful not only to elucidate pathophysiology, but to plan 
appropriate therapy as well. In contrast, the understanding of autoimmune 
reactions involving human granulocytes is somewhat more primitive. Al- 
though in vitro antigranulocyte antibody assays were described more than 
20 years ago, techniques for the study of immune reactions involving 
granulocytes have been slow to develop and somewhat difficult to standard- 
ize. 

However, compelling evidence suggests that immune reactions directed 
against granulocytes cause granulocytopenia in some patients. Placental 
transfer of isoimmune antibodies produces granulocytopenia in patients 
with neonatal neutropenia, and drug-related antibodies produce granulo- 
cytopenia in patients with some forms of drug-induced agranulocytosis (1, 
2). Furthermore, the association of granulocytopenia with collagen vascular 
diseases suggests that autoimmune granulocytopenia, in addition to autoim- 
mune hemolytic anemia and immune thrombocytopenia, occurs in this 
patient population (3). A variety of in vitro procedures can detect antibodies 
directed against granulocytes in these patients. We first describe the types 
of in vitro assays used to study autoimmune neutropenia, then relate these 
laboratory findings to the clinical syndromes where autoimmune granulo- 
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cytopenia appears. Finally, we speculate upon the potential usefulness of 
such testing in the therapy of autoimmune granulocytopenia. 


GRANULOCYTE ANTIBODY TESTING 


A variety of granulocyte antibody assays have been used to study patients 
with suspected autoimmune neutropenia. Whether the assay 1s immuno- 
chemical or functional, and whether the assay measures antibody on the 
patients’ own granulocytes (direct) or in patients’ serum (indirect) distin- 
guishes these procedures. 


Immunochemical Assays 


These assays detect immunoproteins on the surface of granulocytes, either 
directly or indirectly. Leukoagglutinin techniques, indirect assays that will 
detect granulocyte alloantibodies, are useful in identification of drug- 
induced immune neutropenia and neonatal neutropenia (1, 2). These proce- 
dures are, however, often difficult to standardize (4). Lalezari and 
co-workers (5) described an infant with chronic neutropenia in whom au- 
toantibodies directed against the neutrophil antigen NA2 were detected by 
leukoagglutination and reacted with her own granulocytes. Other studies of 
granulocyte aggregation suggest that leukocyte-leukocyte interaction may 
be stimulated by complement activation (6). 

Antigranulocyte antibodies have been detected by a'variety of procedures 
that utilize anti-immunoglobulin antisera. We developed assays for quan- 
titating the amount of IgG bound to a patient’s own granulocytes and the 
amount of the serum IgG that will bind to normal granulocytes using an 
antiglobulin consumption procedure (7, 8). In this assay, antihuman IgG 
is incubated with leukocytes or known concentrations of fluid phase IgG; 
following incubation, the amount of anti-IgG remaining is detected by 
complement lysis of sheep erythrocytes coated with human IgG. This assay 
has proven most useful in the study of granulocytopenia associated with 
rheumatoid arthritis, the results of which are described in detail below. 

Rosenthal et al (9) in 1974 also used an antiglobulin consumption assay 
to test for antileukocyte IgG in patients with Felty’s syndrome. They found 
these antibodies in 13 of 15 such patients, and concluded that antileukocyte 
IgG was specifically directed against granulocytes. 

Fab anti-F(ab’), consumption assays have also been used to detect 
granulocyte autoantibodies (3). Starkebaum and colleagues described a 
patient with systemic lupus erythematosus (SLE) and neutropenia in whom 
such antibodies were detected. Using both in vitro and in vivo measure- 
ments, these authors related this antibody to granulocyte destruction. They 
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showed granulocyte binding of intermediate and large IgG-containing 
molecular complexes as well as monomeric IgG. All of the immunochemi- 
cal assays described here will detect granulocyte binding of IgG-containing 
immune complexes as well as binding of monomeric IgG antigranulocyte 
antibodies. 

Calabresi et al (10) and, more recently, Verheugt et al (11) used fluores- 
cent antiglobulin antisera to detect antigranulocyte antibodies. The latter 
authors used a continuous flow microfluorimeter to quantitate antiglobulin 
binding. With these technologic advances, they could accurately measure 
both direct and indirect granulocyte-bound immunoglobulins. 


Functional Granulocyte Antibody Assays 


The above mentioned granulocyte antibody assays are immunochemical 
since they detect immunoglobulins bound to leukocytes. Another class of 
procedures tests for in vitro pathophysiologic sequelae of granulocyte anti- 
bodies. Boxer & Stossel (12) studied the effects of antihuman neutrophil 
antibodies in vitro. Low concentrations of IgG stimulated ingestion of 
particles by neutrophils, which higher concentrations inhibited. These au- 
thors also developed an indirect serologic test for granulocyte antibodies 
utilizing rabbit macrophages to detect sensitized human leukocytes (4). In 
this assay, the rate of reduction of the dye, nitroblue tetrazolium, by rabbit 
macrophages was used to quantitate granulocyte antibody binding. In a 
similar fashion, antineutrophil antibodies can be quantitated by an opsoni- 
zation assay in which activation of nonsensitized human neutrophils occurs 
when co-cultured with antibody-coated leukocytes (2). This assay has been 
used to study drug-induced immune neutropenia. 

More recently, granulocyte antibodies have been detected by the binding 
of staphylococcal protein A (13). This bacterial product binds to Fc frag- 
ments of immunoglobulins of subclasses 1, 2, and 4 and thus can be used 
to detect cell-bound antibody. This reagent would not detect monomeric 
IgG bound to granulocytes by the granulocyte Fc receptor but would detect 
cell-bound aggregated IgG as well as antibodies directed against granulo- 
cyte antigens (14). 

Rabbit complement-dependent microcytotoxicity assays have been used 
to detect human granulocyte autoantibodies (15, 16). This type of granulo- 
cyte antibody assay is most useful for detection of cold reacting autocyto- 
toxins of IgM subclass. Interestingly, this granulocyte antibody assay not 
only detects autoantibodies in about one half of SLE patients, but positive 
reactions are also found in sera of approximately 10% of nonimmunized 
normals (15). 

In this laboratory, we have developed a functional assay for granulocyte 
antibodies in which antibody-dependent lymphocyte-mediated granulo- 
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cytotoxicity (ADLG) is detected (17, 18). These IgG antibodies bind to 
granulocytes and enable certain lymphocytes to lyse the sensitized cells. 
This reaction depends on monomeric antigranulocyte IgG. The clinical 
significance of such antibodies is described below. 


ASSOCIATED DISEASES 


Rheumatoid Arthritis | 

Felty (19) described the syndrome of rheumatoid arthritis, splenomegaly, 
and granulocytopenia in 1924. Since then, indirect evidence of an underly- 
ing autoimmune mechanism in Felty’s syndrome has accumulated, includ- 
ing its occasional association with autoimmune hemolytic anemia, its 
response to corticosteroids or splenectomy, and the production of neutro- 
penia by passive transfer of Felty’s serum (10, 20-22). Early attempts to 
demonstrate directly immune neutropenia in Felty’s syndrome were hin- 
dered by methodologic difficulties. 

We studied 35 patients with seropositive rheumatoid arthritis and 
granulocytopenia (<2500 per mm?) for granulocyte-bound IgG using the 
antiglobulin consumption assay described above (Table 1) (7, 8). The pa- 
tients were classified by whether their granulocytopenia was mild (1000- 
2500 per mm?) or severe (<1000 per mm*), whether their spleen was 
enlarged, and whether they had increased granulocyte-bound IgG. Seven- 
teen of these patients had severe granulocytopenia, splenomegaly, and ele- 
vated granulocyte-bound IgG. Eleven patients had mioderate granulocyto- 
penia without splenic enlargement and had normal levels of granulocyte- 
bound IgG. Some of these patients appeared to have drug-related gran- 
ulocytopenia (gold, phenylbutazone, cytotoxic agents). This group of pa- 
tients apparently had moderate granulocytopenia not related to pathologic 
IgG. Other possible explanations for granulocytopenia in these patients 
include a shift of granulocytes from “circulating” to “marginal” pools or 


Table 1 Clinical parameters and granulocyte-bound IgG in patients with rheumatoid 
arthritis and granulocy topenia? 


Granulocyte count Elevated granulocyte- Number of 
< 1000 per mm? Splenomegaly bound IgG patients 
Yes Yes Yes 17 
Yes No Yes 2 
No Yes Yes `’ 1 
Yes Yes No 2 
No Yes No | 2 
No No No ' 11 


a Absolute granulocyte count less than 2500 per mm3. ; 
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defective production of granulocytes. Granulocyte kinetic studies done in 
patients with rheumatoid arthritis have shown that both such mechanisms 
may be active (23, 24). Decreased granulocyte production does not exclude 
an immune basis for the granulocytopenia, since granulocyte autoantibodies 
could also affect maturing bone marrow precursors, analogous to the au- 
toantibodies directed against erythrocyte precursors in patients with pure 
red cell aplasia. There is evidence that bone marrow granulocyte production 
may be suppressed in Felty’s syndrome patients by cell-mediated mecha- 
nisms as well as by antigranulocyte antibodies (25, 26). 

The small groups of patients outlined in Table 1 require explanation. The 
two patients in Row 4 represent false negative results for the granulocyte- 
bound IgG assay since they had severe granulocytopenia and splenomegaly 
without abnormal granulocyte-bound IgG. Whether this represents 
granulocytopenia caused by non-IgG antibodies or by nonimmune mecha- 
nisms remains to be proven. The two patients in Row 2 had rheumatoid 
arthritis, severe granulocytopenia, and elevated granulocyte-bound IgG 
without splenomegaly. Studies of granulocyte antibodies in these patients 
suggest that they have “Felty’s syndrome without splenomegaly”(8). One 
of these patients, responded well to splenectomy. Thus, this type of im- 
munochemical assay is useful in defining specific disease processes. 


Systemic Lupus Erythematosus 


Along with thrombocytopenia and autoimmune hemolytic anemia, leuko- 
penia is noted in approximately 50% of patients with SLE (27). Early 
studies, using antiglobulin consumption assays, demonstrated leukocyte- 
bound antibody in most SLE patients without any correlation to clinical 
leukopenia (28). More recently, microcytotoxicity studies have shown 
nearly universal occurrence of cold reactive IgM antilymphocyte antibodies 
(29). The pathogenesis of granulocytopenia in SLE is unclear. Multiple 
mechanisms including decreased marrow production, increased peripheral 
destruction, and abnormal partitioning of granulocytes may be responsible 
(23). 

Verheugt et al:(11) described a leukopenic patient with SLE whose neu- 
trophils carried IgG as measured by the direct immunofluorescent assay 
and whose serum contained neutrophil-specific IgG detected similarly. Fol- 
lowing treatment with prednisone and azathioprine, her granulocyte count 
normalized and the neutrophil antibody disappeared. Starkebaum et al (3) 
described a neutropenic SLE patient whose serum contained three times the 
normal amount of granulocyte-binding IgG as measured by their antiglobu- 
lin consumption assay and whose serum had twice normal granulocyte- 
opsonizing ability. Neutrophil kinetics revealed a shortened intravascular 
neutrophil survival and an increased neutrophil mitotic pool, which, with 
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the failure to respond to a neutropenic stimulus with increased neutrophil 
delivery, implied ineffective granulopoiesis. Serum fractionation localized 
IgG neutrophil-binding activity to fractions containing immune complexes 
and to monomeric IgG, while opsonizing activity was confined to mono- 
meric IgG alone. Following treatment with prednisone and cyclophospha- 
mide, granulocyte kinetics returned to normal while serum granulocyte- 
binding IgG and opsonizing activity remained abnormally elevated. 

Several conclusions can be drawn from these observations. First, while 
the neutropenia of SLE is clearly multifactorial, immune mechanisms con- 
tribute in at least a fraction of these patients. Second, immune neutropenia 
in SLE might be found more commonly if antibodies directed against 
granulocyte precursors were also sought. Third, antibodies, found in pa- 
tients with SLE, appeared to be pathogenetically significant rather than an 
epiphenomenon, as neutropenia disappeared with resolution of at least one 
immunologic abnormality in each case described. Understanding of the 
pathogenetic role of these antibodies will be valuable for planning therapy 
as described below. . 


Other Clinical Associations 


Granulocyte autoantibodies are seen in a variety of patients without colla- 
gen vascular diseases. In some patients, this type of autoantibody is “idi- 
opathic” and the patient with autoimmune neutropenia due to anti-NA2 
antibodies, described by Lalezari (5), did not have other identifiable dis- 
eases. Likewise, numerous patients with idiopathic neutropenia have been 
found to have antigranulocyte antibodies detected by neutrophil opsoniza- 
tion and by immunofiuorescent antiglobulin binding (4; 11). We also studied 
a variety of patients with granulocytopenia and elevated granulocyte-bound 
IgG who have no other obvious associated disease (30). 

Weitzman & Stossel (2) described persistent autoimmune granulocyto- 
penia precipitated by drug exposure. Following the ingestion of quinidine, 
chlorothiazide, and chlorpromazine, the patient developed granulocyto- 
penia and had antineutrophil IgG. The antibodies persisted after the drugs 
were discontinued and appeared to react directly with granulocytes. These 
‘authors draw the analogy to methyldopa-related hemolytic anemia. 

As with autoimmune hemolytic anemia and immune thrombocytopenia, 
autoimmune granulocytopenia appears to be associated with lymphoprolif- 
erative disorders. Verheugt et al (11), using an immunofluorescent gran- 
ulocyte antibody assay, found four patients with angicimmunoblastic lym- 
phadenopathy who had granulocyte-bound antibodies. Three of their pa- 
tients had both IgG and IgM while the fourth had only IgA autoantibodies. 
Antiglobulin consumption assays, such as that used in this laboratory, 
detect only IgG, and thus would not detect this latter autoimmune reaction. 
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We studied a patient with chronic lymphocytic leukemia who had an anti- 
granulocyte antibody that supports ADLG (30). This CLL patient was 
suspected of having antigranulocyte antibodies because of profound 
granulocytopenia with granulocyte precursors in the bone marrow. Four 
other CLL patients with granulocytopenia associated with extensive mar- 
row replacement by leukemic lymphocytes did not show this granulocyte 
antibody activity. 

We also found that serum from two granulocytopenic patients with a 
history of immune thrombocytopenic purpura (ITP) supports ADLG (30). 
Both these patients had previously been treated by splenectomy for chronic 
ITP. Following a remission of ITP, they developed granulocytopenia and 
this antigranulocyte antibody was detected in their serum. Other authors 
have also noted patients with granulocyte autoantibodies in association with 
platelet and red cell autoantibodies (11). It should be pointed out here that 
Evans & Duane (31) predicted in 1949 that this sort of autoimmune reaction 
would occur. 


TREATMENT 


As might be expected in a syndrome with diverse causes, uncertain patho- 
physiology, and infrequent incidence, the proper treatment of immune 
neutropenia is unclear. Additionally, indications for treatment of autoim- 
mune neutropenia are not well defined. Unlike immune thrombocytopenia 
or hemolytic anemia where immune cytopenia dictates specific interven- 
tions such as splenectomy or corticosteroid therapy, severe degrees of im- 
mune neutropenia may be tolerated without serious infection (32). 
Although controversy exists, it would seem prudent to require severe or 
recurrent infections as well as granulocytopenia before undertaking specific 
therapy for autoimmune neutropenia. 


Splenectomy 

Splenectomy is the mainstay of therapy for autoimmune neutropenia, with 
up to 60% of patients with Felty’s syndrome sustaining increases in 
granulocyte counts to greater than 4000 cells per mm? and decreased infec- 
tions in one series (22). Following splenectomy, the amount of granulocyte- 
bound IgG in Felty’s syndrome patients is nearly normal, with lower but 
still abnormal granulocyte-binding IgG in the serum (7, 8). On the other 
hand, the hazards of splenectomy must be considered, including increased 
susceptibility to infection, which caused death in one patient described in 
a series of Felty’s patients (33) and increased incidence of infections and 
vasculitic complications in a series of SLE patients (34). Moreover, in 
Felty’s patients with recurrent granulocytopenia post-splenectomy, we have 
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demonstrated ADLG (18). In one patient, this andiocd activity developed 
as granulocytopenia recurred nine weeks after splenectomy. Thus, develop- 
ment of this type of antibody activity appears to be a mechanism of splenec- 
tomy failure in some patients. 


Corticosteroid Therapy 


Corticosteroid therapy has been responsible for major improvement in some 
patients with autoimmune granulocytopenia (3, 5, 11). This success must 
be tempered by the fact that corticosteroids can cause shifts in granulocyte 
pools with apparent increases in granulocyte counts without altering 
granulocyte production or survival. Moreover, corticosteroid doses in the 
range used for other autoimmune disorders are sufficient to cause complica- 
tions including increased susceptibility to infection. The poor response to 
corticosteroid therapy in many patients described in the early literature 
probably relates to poorly defined autoimmune neutropenia. In vitro evi- 
dence of antigranulocyte autoimmunity should be documented prior to the 
use of such therapeutic agents. Curiously, results from our laboratory sug- 
gest that, by virtue of their antilymphocyte activity, corticosteroids may be 
quite useful in treating the granulocytopenia associated with ADLG (30). 

Other immunosuppressive agents, such as cyclophosphamide and azathi- 
oprine, may play a therapeutic role in selected patients (3, 11). By removing 
immune complexes and IgG, large volume plasmapheresis may also be 
beneficial in the treatment of autoimmune neutropenia. 


SUMMARY 


Because of the difficulties in working with granulocytes in vitro, elucidation 
of autoimmune neutropenic syndromes has been slower than has been the 
case with autoimmune hemolytic anemia and thrombocytopenia. With the 
development of sophisticated techniques for the study of granulocyte- 
associated antibodies, they have been found in disorders associated with 
neutropenia with increasing frequency, they appear to play a role in the 
pathogenesis of neutropenia in at least some of these disorders. Moreover, 
these assays have a role in planning treatment of the patient with suspected 
autoimmune neutropenia. 
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INTRODUCTION 


The most common clinical sign of extracranial carotid occlusive disease is 
the presence of a carotid bruit audible with a stethoscope. The bruit is the 
result of arterial wall vibrations induced by disturbed or turbulent blood 
flow immediately distal to a stenosis (narrowing), which reduces the vascu- 
lar lumen by 30-85%. Occasionally a bruit will result from the increased 
blood flow through a normal external carotid artery in the presence of 
internal carotid artery occlusion. Rarely bruits may occur in high flow 
states in the absence of carotid artery disease, as in anemia or hyperthy- 
roidism. 

Two errors are often made in evaluating patients for carotid bruits. One 
is to mistake a bruit arising from the subclavian, innominate, or common 
carotid artery, or the aortic valve, for a carotid bifurcation bruit. Such 
radiating thoracic vascular bruits account for approximately 50% of all 
cervical bruits. Their proper identification is important inasmuch as they 
are not as frequently associated with cerebral ischemic episodes as are true 
carotid bruits. Subclavian artery bruits are loudest in the supraclavicular 
areas and common carotid bruits are loudest low in the anterior neck. A 
bruit over the right subclavian and common carotid arteries suggests in- 
nominate (brachiocephalic) artery stenosis. A carotid bifurcation bruit is 
heard maximally over the midportion or the upper area of the neck, between 
the superior border of the thyroid cartilage and the angle of the mandible. 
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The second mistake is to equate a carotid bruit with hemodynamically 
significant stenosis of the internal carotid artery. Judged by noninvasive 
diagnostic screening techniques that are sensitive to flow-reducing lesions, 
only about 20% of carotid bruits are of hemodynamic significance, i.e. 
associated with > 50% diameter reduction of the internal carotid artery 
relative to the distal uninvolved vessel (70-80% area reduction). Further- 
more a carotid bruit is both insensitive and nonspecific with respect to 
internal carotid artery disease. Stenosis or ulcerated plaques with less than 
30% lumen compromise do not result in a bruit, and stenosis of greater than 
85% may reduce flow to the point that a bruit becomes inaudible. Internal 
carotid occlusion often is not associated with a bruit. Finally a carotid 
bifurcation bruit may reflect isolated stenosis of the external carotid artery. 
The only characteristic quality of a carotid bruit that is pathognomonic of 
severe internal carotid artery stenosis is a bruit that extends throughout 
systole and into diastole, as a result of the high diastolic flow associated with 
low cerebrovascular resistance. 

A carotid bruit in a patient without cerebrovascular symptoms, termed 
“asymptomatic,” is sometimes discovered incidently. The evaluation of 
such a patient is important because about 50% of patients with cerebral 
transient ischemic attack (TIA) or stroke have extracranial cerebrovascular 
disease which is surgically accessible. Inasmuch as carotid disease may 
occur without a bruit, it may be more appropriate to identify the stroke- 
prone patient as an individual with “asymptomatic carotid disease” rather 
than an asymptomatic carotid bruit. 

Contrast arteriography remains the ‘ ‘gold standard” for diagnosis of 
cerebrovascular disease. Although this invasive procedure is appropriate for 
patients with symptoms of TIA or stroke, the risk and expense of arteriogra- 
phy preclude its routine use as a screening and follow-up procedure. The 
assessment of asymptomatic patients or those with atypical and nonlocaliz- 
ing symptoms has been greatly enhanced by the development of several 
noninvasive cerebrovascular diagnostic techniques during the past decade. 
This chapter reviews the principles, clinical applications, attributes, and 
limitations of the more common noninvasive screening methods, and sug- 
gests some future developments in this field. 


i 
\ 


NONINVASIVE TECHNIQUES | 


Noninvasive cerebrovascular screening techniques may be either indirect or 
direct. Indirect techniques assess alterations of pressure, flow, or pulse 
arrival in the ophthalmic artery (a branch of the internal carotid artery) or 
its branches. Such techniques may detect hemodynamically significant 
stenosis ( 50% diameter reduction) or occlusion of the internal carotid 
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artery. Indirect methods include periorbital Doppler ultrasound, supraorbi- 
tal or ocular plethysmography, ophthalmodynamometry, tonography, and 
facial thermography. Direct techniques assess bruits, flow, or morphology 
of the carotid artery and its branches in the neck. Such techniques include 
carotid phonoangiography, carotid flow velocity analysis by Doppler ul- 
trasound, carotid imaging by Doppler and/or B-mode ultrasound, and 
dynamic radionuclide scanning. 


Indirect Methods 


PERIORBITAL DOPPLER ULTRASOUND The Doppler ultrasonic 
velocity detector contains a piezoelectric crystal in a hand-held probe that 
emits ultrasound at a frequency of 5-10 MHz. The ultrasound is transmit- 
ted into the tissues via acoustic gel coupling with the skin. Sound reflected 
from moving blood cells is shifted in frequency by an amount proportional 
to their velocity. The backscattered ultrasound is received by a second 
crystal and the frequency shift is detected and amplified by the instrument 
as an audible signal or a recordable analogue waveform. Direction-sensing 
Doppler units are capable of determining whether blood is flowing toward 
or away from the Doppler probe. 

The periorbital Doppler examination involves the determination of blood 
flow direction in the ophthalmic artery branches (frontal and supraorbital 
arteries) and the effect of transient compression of external carotid branches 
(superficial temporal, infraorbital, and facial arteries) and each common 
carotid artery (1-3). Ophthalmic artery flow is normally antegrade out of 
the orbit; the flow is either unaffected or augmented by external carotid 
branch compression and diminished only by ipsilateral common carotid 
compression. With severe stenosis (> 50%) or occlusion of the extracranial 
internal carotid artery, ophthalmic artery flow may be retrograde and di- 
minished by compression of one of the external carotid branches. Alter- 
nately, collateral flow from the opposite internal carotid artery via the circle 
of Willis may be identified by normal directional ophthalmic artery flow, 
which is attenuated only by contralateral common carotid compression. If 
compression of each carotid artery fails to attenuate ophthalmic artery flow, 
severe internal carotid obstruction with collateral via the vertebrobasilar 
system is inferred. 

With experience, periorbital Doppler examinations may detect significant 
stenosis (> 50%) or occlusion of the internal carotid artery with a sen- 
sitivity and specificity exceeding 95% (4) (Table 1). Doppler ultrasound is 
the least expensive of the noninvasive techniques and has the added at- 
tributes of simplicity, rapidity, small size, and portability. This instrument 
also permits direct carotid interrogation of flow velocity (see below) and 
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Table 1 Indirect cerebrovascular screening techniques? 








Sim- Objec- In- Port- Sensi- Speci- 
Technique plicity tivity expense ability tivity ficity 
Periorbital Doppler ++ + ++ ++ ++ ++ 
Supraorbital photople- ' 
thysmography ++ ++ + + ++ + 
Ocular plethysmography + ++ 0 + ++ ++ 
Ophthalmodynamometry + ++ ++ ++ + + 


Carotid compression 
tonography + ++ + + ++ + 
Thermography 0 ++ 0 , 0 + + 


244+ = good; + = fair; O = poor. 


forms the backbone of many noninvasive vascular laboratories because of 
its added versatility in peripheral arterial and venous disease. However, 
periorbital Doppler examination requires considerable experience to 
achieve maximal accuracy, and like the indirect techniques, it is not sensi- 
tive to nonobstructing (< 50% stenosis) or ulcerated carotid plaques, which 
may be an important cause of cerebral emboli (5). 


SUPRAORBITAL PHOTOPLETHYSMOGRAPHY The photoelectric ple- 
thysmograph (PPG), while available for over 40 years, has recently been 
improved to include an infrared light-emitting diode and phototransistor in 
the tranducer. The device permits sensitive detection of pulsatile changes 
in blood content of the skin (ac mode) and some :types also determine 
relative skin blood content (de mode); the latter are useful in assessment of 
chronic venous disease. To screen for cerebrovascular disease (6), a PPG 
transducer is affixed to the skin above the medial end-of each eyebrow. The 
transducers are connected via an amplifier to a two-channel strip chart 
recorder to obtain pulsatile tracings of the supraorbital microcirculation. 
This area of the forehead normally receives its circulation from the supraor- 
bital and frontal artery branches of the ophthalmic .artery. Normally the 
supraorbital pulse amplitude is not significantly attenuated by compression 
of external carotid branches but decreases only with ipsilateral common 
carotid compression. If attenuation of supraorbital PPG pulse amplitude 
occurs, with the other compression maneuvers, significant internal carotid 
obstruction is inferred. 

Supraorbital PPG has a sensitivity of over 95% in detection of 
hemodynamically significant internal carotid obstruction, but there are 
frequent false positive results so that the specificity is only 80-90%. The 
method is simple, rapid, portable, and relatively inexpensive. It provides a 
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hard-copy record of the simultaneous bilateral examination. Unlike ocular 
plethysmography (OPG), the method does not require anesthesia of the 
eyes, and the accuracy of the test is not influenced by the presence of 
bilateral carotid disease of equal hemodynamic severity. Supraorbital 
PPG’s greatest limitation is its high incidence of false positive results. An 
abnormal study should prompt examination by another technique, such as 
periorbital Doppler examination. When the two techniques agree, the ac- 
curacy of detection or exclusion of hemodynamically significant carotid 
occlusive disease exceeds 95% (7). Obviously, the method does not detect 
nonobstructive or ulcerated carotid plaques. 


OCULAR PLETHYSMOGRAPHY Pressure transducers held by suction 
on the anesthetized eye can detect ocular pulse delays or reduced retinal 
artery pressure in the presence of severe carotid occlusive disease. Pulse 
delay methods include the water-filled ocular plethysmograph (OPG) of 
Kartchner & McRae (8) and the air-filled digitized system of Zira (9). These 
techniques detect both amplitude reduction and ocular filling-pulse delays 
relative to the opposite eye in unilateral carotid disease. In bilateral carotid 
disease both ocular pulse delays may be detected relative to the ear pulse, 
the latter being determined by photoplethysmography. Retinal artery pres- 
sure is determined indirectly by the oculopneumoplethysmograph of Gee 
et al (10) (OPG-Gee), which records the return of ocular pulsation relative 
to the recorded suction negative pressure on the transducer as it is slowly 
reduced from -300 mm Hg (-500 mm Hg in hypertensive patients). The 
technique also permits estimation of hemispheric collateral perfusion pres- 
_ sure from the retinal artery pressure determined during common carotid 
compression (11). Ocular pulse delays relative to the electrocardiogram 
may be measured with the OPG-Gee. 

The sensitivity and specificity of OPG are generally reported to be from 
85 to 95%, although some investigators have noted much lower accuracy 
(12). The techniques are often used in conjunction with carotid phonoangi- 
ography (CPA), which provides complementary information especially in 
the presence of bilateral carotid occlusive disease (8). The advantages of the 
techniques include their objectivity, rapidity, and the provision of a hard- 
copy record. An added advantage of the OPG-Gee is its capability of 
estimating hemispheric collateral perfusion pressure, which may help pre- 
dict the need for selective shunting during carotid endarterectomy. Such 
information may also indicate the potential risk of stroke if the carotid 
artery becomes occluded or needs to be sacrificed during neck dissection for 
tumor. Disadvantages of OPG include its relatively higher cost and its 
occasional insensitivity to bilateral carotid occlusive disease of balanced 
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hemodynamic severity. The techniques require ocular anesthesia and some 
degree of patient cooperation. The techniques cannot be performed in a 
patient with significant ocular disease or a missing eye. Ocular injuries as 
a complication of the techniques (corneal abrasion, subconjunctival hemor- 
rhage) are rare. The OPG methods are not sensitive to nonobstructive or 
ulcerated carotid plaques. 


OPHTHALMODYNAMOMETRY Retinal artery pressure may be indi- 
rectly assessed by measuring the force applied on the anesthetized sclera by 
the footplate of the ophthalmodynamometer (ODM) (13). Using an oph- 
thalmoscope, the systolic value is noted at that point when the retinal 
arteries cease to pulsate, and the diastolic pressure'is determined at that 
point when the arteries develop maximal pulsation. The technique, while 
inexpensive, simple, and portable, is less accurate (75-85%) than other 
methods and is insensitive to bilateral severe carotid disease as well as 
nonobstructive or ulcerated plaques. 


CAROTID COMPRESSION TONOGRAPHY Carotid compression tonog- 
raphy uses a recording tonometer to measure ocular pressure during tran- 
sient common carotid compression (14). Normally the ocular pressure falls 
rapidly during ipsilateral carotid compression and recovers promptly after 
release of compression. In the presence of significant carotid obstruction, 
the pressure fall may be attenuated or absent during ipsilateral carotid 
compression and may drop with contralateral carotid compression. If net- 
ther carotid compression alters the ocular pressure recording, collateral 
circulation from the vertebrobasilar system is inferred. Carotid compression 
tonography is fairly sensitive (92%) but has many false positives (75% 
specificity). The method also is insensitive to nonobstructive or ulcerated 
plaques. 


THERMOGRAPHY Electronic monitoring of infrared emission from the 
body permits sensitive detection of relative differences in temperature of the 
surface of the body. Such temperature mapping of the face locates the 
normally warmer regions of each supraorbital area, which is supplied by the 
ophthalmic artery branches carrying blood at core temperature (15). In the 
presence of significant carotid occlusive disease and: reversed ophthalmic 
artery flow via external carotid artery collaterals, the supraorbital area 
appears as a relatively cooler area. This technique will not detect disease 
associated with intracranial collateral circulation via the circle of Willis, 
and it is insensitive to nonobstructive carotid disease. Its primary drawback 
is the expense and complexity of the equipment. 
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Direct Methods 


CAROTID PHONOANGIOGRAPHY The amplitude and duration of a 
carotid bruit may be recorded with a carotid phonoangiograph (CPA), 
which consists of a sensitive electronic microphone and an oscilloscope that 
permits a Polaroid® photograph of three separate areas of carotid interroga- 
tion (8). A short systolic bruit may be recorded from a stenosis of 30-40% 
diameter reduction. More severe stenosis may result in a pansystolic bruit 
of greater amplitude. Such bruits often arise from an internal carotid steno- 
sis but may also be produced by a lesion in the common or external carotid 
artery. The only pathognomonic sign of severe (70-85%) stenosis of the 
internal carotid artery is a bruit that extends throughout systole and into 
diastole. In the presence of >85% stenosis or occlusion of the internal 
carotid artery, a bruit may not be detectable. The CPA is thus relatively 
insensitive although specific (usually normal in normal carotids) (Table 2). 
It is usually used only in conjunction with other indirect techniques, espe- 
cially the OPG (8). 

Recently the frequency content of the sound spectrum of a carotid bruit 
was analyzed by fast Fourier (16) and autocorrelation (17) techniques to 
more accurately estimate the severity of carotid stenosis. While these tech- 
niques may prove to be a more sensitive guide to the presence and degree 
of internal carotid stenosis, they are more expensive and remain insensitive 
to carotid disease that does not produce a bruit (<30% stenosis, or occlu- 
sion). 


CAROTID FLOW ANALYSIS (DOPPLER) Blood flow velocity in the caro- 
tid artery and its branches may be directly measured by Doppler ul- 
trasound. The flow signals may be assessed by audible interpretation (18), 
analogue recordings (19), or sound spectral analysis of the frequency and 


Table 2 Direct cerebrovascular screening techniques? 


Sim- Objec- In- Port- Sensi- Speci- 
Technique plicity tivity expense ability tivity ficity 
Phonoangiography FÈ ++ + ++ 0 ++ 
Carotid flow analysis ++ + ++ ++ ++ ++ 
Doppler imaging + + 0 + ++ ++ 
B-scanning + P 0 0 +t ++ 
Duptłex scanning + ++ 0 0 ++ ++ 
Radionuclide anteri- 
ography + + 6 0 0 ++ 


a++ = good; + = fair; 0 = poor. - 
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amplitude content of the Doppler signal (20). The velocity sampling may 
be from across the entire vascular lumen, using conventional continuous- 
wave devices, or from discrete sample volumes within the vessel, obtained 
with a pulsed-Doppler unit. Using discriminant analysis of multiple di- 
mensions from analogue recordings of common carotid artery velocity, 
Rutherford et al reported 95% accuracy compared to arteriography distin- 
guishing young and old “normal” carotids, <50% stenosis, >50% steno- 
sis, and occlusion (19). All normal, stenctic, and occluded arteries were 
correctly distinguished, which was not possible by periorbital Doppler ex- 
amination. 

With experience, stenotic or occlusive disease in carotid artery segments 
can be detected and localized by using simple audible assessment of continu- 
ous-wave Doppler signals; the accuracy exceeds 90% (18). More sensitive 
and objective assessment of carotid artery disease, including detection of 
stenosis as insignificant as 10-25%, has been achieved using sound spectral 
analysis of the frequency signal (20). Recent development of real-time 
spectral analysis may greatly increase the accuracy of identifying carotid 
artery disease. Such techniques are still investigational and relatively expen- 
sive. Spectral analysis will probably become an integral part of Doppler 
ultrasonic imaging systems. 


DOPPLER ULTRASONIC ARTERIOGRAPHY Noninvasive imaging of 
the carotid artery flow lumen is feasible using either pulsed (21) or continu- 
ous-wave (22) Doppler instruments. These devices consist of the Doppler 
probe, which is constrained to move in a position-sensing arm so that the 
location of detected flow may be appropriately positioned on a storage 
oscilloscope. The carotid artery lumen is progressively imaged as the Dop- 
pler probe is moved over the course of the vessel. The resultant image may 
be photographed. Views are possible not only in the projection mode, 
similar to conventional contrast arteriograms, but also in unique transverse 
or longitudinal cross-sectional images. The instruments also permit flow 
velocity sampling for audible, analogue, or sound spectral analysis, which 
enhances the diagnostic interpretation (23). Such flow analysis is particu- 
larly important to detect stenosis in arterial segments that cannot be imaged 
satisfactorily because of vascular wall calcification. 

The sensitivity and specificity of Doppler ultrasonic arteriography range 
from 80 to 90%; it detects stenoses of <50% with much greater frequency 
than do indirect periorbital techniques. The technique also permits discrim- 
ination of stenosis from occlusion of the internal carotid artery. Although 
vascular wall calcification may impair carotid imaging in as many as 50% 
of patients, concomitant audio or spectral analysis of carotid flow velocity 
signals may improve accuracy to above 90%. The drawbacks to ultrasonic 
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arteriography include the expense and the technical expertise required for 
maximal accuracy in use of the equipment. 


B-MODE ULTRASONIC SCANNING Real-time imaging of the carotid 
artery may be carried out by B-mode ultrasound (24). By using 5-MHz 
pulsed ultrasound, echos from the carotid vascular wall and associated 
plaques are stored in real time on a grey-scale oscilloscope or on a video 
screen. The instruments have been progressively refined to provide resolu- 
tion of 1.0 mm or less and to discriminate such vascular wall constituents 
as fatty plaque, fibrous tissue, calcium, or blood. The merits of B-scanning 
include rapid visualization, increased sensitivity to nonobstructive or ul- 
cerated plaques, and capability of measuring and following the size and 
evolution of atherosclerotic lesions. Disadvantages include the high cost, 
limited portability, and limitations in discriminating advanced stenosis 
from occlusion. Calcification of the vascular wall may also cause acoustic 
‘Shadowing that precludes definition of the subjacent vascular wall or lumen. 
Finally, early fatty plaques have the acoustic impedance of blood and may 
not be detected by B-mode scanning. Validity of B-scan equipment is cur- 
rently under investigation. 


DUPLEX ULTRASONIC IMAGING Real-time B-scanning and Doppler 
ultrasonic assessment of carotid flow velocity may be combined in the 
duplex ultrasonic imager (25). The lumen of the B-mode imaged carotid 
segments may be interrogated by moving the pulsed-Doppler sample vol- 
ume across the flow stream. The resultant flow signal may be assessed 
audibly or by sound spectral analysis of the frequency. Preliminary studies 
suggest that this technique is sensitive to carotid stenosis of 10-20%, and 
the method is capable of distinguishing advanced stenosis from occlusion, 
which may not be possible with B-scanning alone. Validation of the tech- 
nique is being initiated. The attributes of this technique are the combined 
advantages of B-mode scanning and pulsed-Doppler ultrasound. The disad- 
vantages are its expense, relative lack of portability, and technical com- 
plexity. 


RADIONUCLIDE ARTERIOGRAPHY Dynamic scanning of the carotid 
artery and the cerebral flow phase of the radionuclide brain scan permits 
assessment of severe carotid occlusive disease (26). Intravenous injection of 
technetium allows imaging of the cerebrovascular flow prior to the static 
brain scan. Although the technique improves the diagnostic information of 
brain scanning, the sensitivity and specificity seldom exceed 80%, and the 
technique is not usually as reliable as other noninvasive techniques for 
screening of carotid occlusive disease. 
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CLINICAL APPLICATIONS 


Patients with suspected cerebrovascular disease may be classified in one of 
these groups: (a) those with localizing symptoms such as unilateral motor 
or sensory disturbance, monocular blindr-ess (amaurosis fugax), or dys- 
phasia; (b) patients with nonspecific (nonlateralizing) symptoms such as 
dizziness, syncope, headache, bilateral visual disturbance, confusion, or 
memory disturbance; and (c) asymptomacic patients. 

Patients with clinical hemispheric (caro-id territory) or posterior (verte- 
brobasilar) symptoms, whether the result c7 TIA’s or stroke, should proba- 
bly have contrast arteriography to de-ermine whether a surgically 
correctable lesion is present. The role of noninvasive cerebrovascular 
screening in such patients is limited, since over 50% of patients who are 
surgical candidates have a normal noninvzsive examination, and presum- 
ably their symptoms arise from emboli from nonobstructive (<50% steno- 
sis) or ulcerated carotid plaques (27). Non:avasive techniques may be used 
for perioperative monitoring of these patients during and after carotid 
endarterectomy (28). These techniques also permit longitudinal follow-up 
of the natural history and efficacy of medixal or surgical therapy. 

Patients with nonspecific or nonlocalizing symptoms are often classified 
with or managed as asymptomatic patients. However, patients with non- 
hemispheric symptoms may benefit from carotid endarterectomy, with re- 
lief of symptoms reported in 67% and improvement in 28% (29). Such 
improvement may not correlate with the results of noninvasive periorbital 
Doppler examination (30). The primary clinical application of noninvasive 
cerebrovascular screening techniques has >een the assessment of patients 
with an asymptomatic carotid bruit or the risk of harboring asymptomatic 
carotid disease, regardless of the presence oz absence of a bruit. The remain- 
der of this review addresses the problem c? asymptomatic carotid disease 
that may present in one of three clinical circumstances: (a) as isolated 
carotid disease; (b) with concomitant majer operation; and (c) with con- 
tralateral symptomatic carotid disease. 


Isolated Asymptomatic Carotid Bruit 


Four studies of patients with asymptomati= carotid bruit, with or without 
prophylactic carotid endarterectomy, are summarized in Table 3. No ran- 
domized studies comparing nonoperative therapy with prophylactic carotid 
endarterectomy have been reported. 

Javid et al (31) reported 56 patients with asymptomatic carotid bruit and 
associated hypertension or anticipated major general surgical procedures. 
All patients underwent prophylactic carotic endarterectomy with one oper- 
ative death and two postoperative strokes. There were two late strokes 
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Table 3 Isolated asymptomatic carotid bruit 











Nonfatal Deaths 
Author Follow-up No.of Stroke- 

(year) period (yr) patients Treatment TIA Stroke related Other 
Javid et al 1-6 56 Endarterectomy — 2 0 15 
(1971) 

Thompson 1-20 132 Endarterectomy 6 3 3 40 
et al (1978) 138 No operation 37 24 3 47 
Cooperman 2~7 60 Bruit—postop. 12 5 4 21 
et al (1978) vascular 
196 No bruit— 23 6 I 31 
reconstruction 
Moore et al 1-8 38 Nonoperated —  0.4%/yr — 53%/8 yr 
(1978) shallow ulcers 
29 Nonoperated — 12.5%/yr — 79%[8 yr 
deep ulcers 
68 Operated sympto- — 1.5%/yr — 55%/8 yr 


matic ulcer 


during the follow-up period of up to six years. Of 15 late deaths, 12 resulted 
from myocardial infarction, and none were caused by stroke. 

Thompson et al (32) reported the largest series of patients with asymp- 
tomatic carotid bruit managed either nonoperatively or by prophylactic 
carotid endarterectomy. The incidence of late (up to 20 years) TIA or stroke 
in 132 patients undergoing operation, 4.5% and 4.6% respectively, was 
significantly lower than the incidence in 138 nonoperated patients, 26.8% 
and 17.4%, respectively. However the incidence of stroke-related deaths 
and the total number of late deaths was similar in the two groups. 

Cooperman et al (33) noted a significantly greater incidence of TIA (20% 
vs 12%), stroke (15% vs 4%), stroke-related death (7% vs 0.6%), and total 
late deaths (42%: vs 16%) in patients with bruits compared with those 
without bruits up to seven years following major peripheral arterial recon- 
struction. 

Moore et al (34) recently reported on the increased risk of late stroke 
(12.5% per year) in asymptomatic patients with significant carotid ulcera- 
tion as compared to those with insignificant ulceration (0.4% per year) or 
patients undergoing endarterectomy for symptomatic carotid ulceration 
(1.5% per year). 

Although noninvasive cerebrovascular screening has been recommended 
for patients with asymptomatic carotid bruits, the only large study to date 
with reported follow-up of the incidence of stroke and/or endarterectomy 
in such patients is that of Kartchner & McRae (35; Table 4). Of more than 
4000 patients evaluated with ocular plethysmography (OPG) and carotid 
phonoangiography (CPA), 1287 were studied for “asymptomatic” carotid 
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Table 4 Noninvasive screening of asymptomatic tauit (35) 


No. of 
CPA? OPGP patients? TIA Stroke Endarterectomy Deaths 
Negative Negative 755 16 14 15 63 
Negative Positive 130 5 4 29 10 
Positive Negative 102 3 3 13 12 
Positive Positive 143 7 17 78 17 


aCPA = carotid phonoangiography. 
bOPG = ocular plethysmography. 
€ Follow-up period 6-70 months, average 24 morths. 


bruits. Of these, 697 had nonhemispheric neurological symptoms and 590 
were clinically asymptomatic. Radiating subbifurcation bruits were diag- 
nosed by CPA in 619, “insignificant” bifurcation bruits in 426, and signifi- 
cant carotid bruits in 242 patients. By DPG, 273 patients (21%) had 
hemodynamically significant obstruction of the internal carotid artery and 
5% had external carotid stenosis. 

Of the 1287 patients, 1130 (88%) were fcllowed for periods ranging from 
6 to 70 months with an average of 24 months. In the absence of a significant 
carotid bruit by CPA and a negative OPG examination, only 2% of 755 
patients came to carotid endarterectomy and the incidence of TIA and 
stroke in the follow-up period was 2.1% and 1.9%, respectively. Of 143 
patients with a significant carotid bruit and an abnormal OPG examination, 
54.6% came to carotid endarterectomy and the incidence of TIA and stroke 
were 4.9% and 11.9%, respectively, witk only one stroke occurring in 
relation to a carotid endarterectomy. Althoigh the study does not deal with 
patients randomized by type of therapy, the data tend to support a correla- 
tion between the hemodynamic severity >f carotid stenosis, determined 
noninvasively, and the subsequent development of symptoms of cerebral 
ischemia. 


Concomitant Major Operation 

Although the role of prophylactic carotid endarterectomy in a patient with 
isolated asymptomatic carotid bruit is unknown, this procedure is fre- 
quently recommended for the patient who is to undergo another major 
operation. However, the stroke risk of such patients is not clear and several 
reports (36—42) suggest that an asymptomatic bruit does not correlate with 
subsequent stroke after major operation (Table 5). The presumed cause of 
stroke in such patients is thrombosis of a severely stenotic carotid artery 
during a period of hypotension or low flow in the perioperative period. The 
two major operative procedures with the greatest prevalence of associated 
carotid artery disease are coronary arterr bypass and major peripheral 
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Table 5 Asymptomatic bruit and concomitant major operation 


Post Post major 
Author No. of endarterectomy operation 
(year) patients Study material Stroke Death Stroke Death 
Treiman 40 With bruit—elective — 0 
et al (1973) 157 Without bruit— 8 8 
aortic operation — 2 
Lefrak & 34 Preop. major surgery 1 1 0 5 
Guinn (esp. vascular) 
(1974) 
Carney et al 35 Bruit—preop. ~ — 0 
(1977) 139 No bruit—aortoiliac os ae 2 2 
74 ?No bruit—reconstruction _ — 2 
Evans & 92 Bruit—preop. vascular — — 0 — 
Cooperman 496- No bruit—reconstruction _ — 4 — 
(1978) 
Bernhard 15 Staged carotid-coronary 0 33 0 2 
et al (1972) 15 Simultaneous carotid- 1 0 — — 
coronary 
Hertzer 59 Staged 2 0 0 1 
et al (1978) 115 Simultaneous 10 5 — — 
Ennix et al Ti Staged 4 14 —- — 
(1979) 135 Antecedent (84) or simul- 2 4 — — 


taneous (51) coronary 
bypass 


a Myocardial infarction. 


arterial reconstruction. The fact that cardiac or vascular surgeons also 
perform carotid endarterectomy may explain the frequent tendency for such 
surgeons to correct significant carotid artery disease prior to. the intended 
operations. However, several of the reported studies have documented a low 
incidence of perioperative stroke in patients who did not undergo pro- 
phylactic carotid endarterectomy. Most of the studies suggesting a nonoper- 
ative approach to asymptomatic carotid bruit prior to major operation 
involve peripheral arterial reconstruction. The reports involving coronary 
artery bypass usually recommend prophylactic carotid artery endarterec- 
tomy either prior to the coronary bypass or as a concomitant procedure. 

All three series reporting perioperative stroke in relation to peripheral 
artery reconstruction noted the postoperative neurologic deficit in patients 
who specifically did not have a carotid bruit (36, 38, 39). One explanation 
for this dissociation of asymptomatic bruit and perioperative stroke is the 
fact that only a minority of so-called carotid bruits are associated with 
hemodynamically significant internal carotid stenosis. As noted in 
Kartchner & McRae’s study (35), nearly 50% of patients with “carotid” 
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bruit have subbifurcation bruits radiating from the great vessels of the 
thorax. Those authors noted only a 21% incidence of significant carotid 
obstruction by OPG in patients screened Zor asymptomatic carotid bruits. 
In our laboratory the incidence of hemodynamically significant carotid 
occlusive disease in patients with asymptomatic bruit has been 16%. An- 
other factor explaining the lack of correlation of asymptomatic bruit and 
perioperative stroke may be the fact that preocclusive carotid stenosis of 
>85% often is not associated with a bruit. Thus the patient who may be 
most susceptible to perioperative carotid thrombosis may have a stenosis 
which is not evident by audible bruit. Such patients can only be detected 
by routine screening with noninvasive techniques. 

Patients with concomitant asymptomati> carotid and symptomatic coro- 
nary artery disease have usually had prophylactic carotid endarterectomy 
prior to coronary artery bypass, either as a staged or a concomitant proce- 
duré (40—42). Bernhard et al (40) first suggested the merits of concomitant 
carotid and coronary reconstruction, because of a 20% incidence of fatal 
miyocardial infarction prior to coronary bypass if the procedures were 
staged. Although many cardiovascular surgeons prefer simultaneous caro- 
tid and coronary procedures, Hertzler et al (41) found a higher incidence 
of perioperative stroke (4.3%) and death (4.3%) with concomitant opera- 
tions compared to staged procedures (1.7% and 1.7% respectively). Most 
surgeons recommend carotid endartérectomy prior to coronary bypass, 
reserving simultaneous procedures for patiznts with severe coronary artery 
disease (unstable angina, left main coronary disease or its equivalent). How- 
ever, the recent report by Ennix et al (42) documents the safety of combined 
carotid and coronary reconstruction in experienced hands. 

Few studies have reported the role of noninvasive diagnostic techniques 
in selecting patients with asymptomatic carotid disease for angiography and 
prophylactic endarterectomy prior to majo? operation. Some of the patients 
in the study by Javid et al (31) were preoperative patients: Brewster et al 
(43) reported 57 patients undergoing several noninvasive screening tech- 
niques (periorbital Doppler, OPG, CPA) prior to major operation. All 45- 
patients with negative screening studies were operated without postopera- 
tive neurologic deficit. Eight of 12 patients with abnormal carotid screening 
studies had angiography and prophylactic zarotid endarterectomy with no 
subsequent neurologic deficit after the intended operation. Four patients did 
not undergo‘arteriography and one suffered a stroke following the major 
operation. In a pilot study of 50 general surgical patients screened preopera- 
tively by periorbital Doppler ultrasound, we noted one stroke following a 
colectomy in one of three patients with reversed opthalmic artery flow. This 
study led us to embark on a three-year prospective study to screén-noninva- 
sively for carotid disease in all patients undergoing coronary or peripheral 
artery reconstruction and: all: general surgical patients with: an asymp- 
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tomatic bruit. Patients with abnormal carotid studies will undergo-arteriog- 
raphy and those with operable severe carotid stenosis will be randomly 
allocated to a prophylactic endarterectomy or a-control group. This will be 
the first major randomized study to assess the efficacy of prophylactic 
carotid endarterectomy in patients undergoing major operation. 


Contralateral Symptomatic Carotid Disease 


The identification of an asymptomatic carotid lesion opposite symptomatic 
carotid disease on contrast arteriography often leads to a therapeutic 
dilemma. Many vascular surgeons perform staged carotid endarterecto- 
mies, assuming that the risk of prophylactic repair of the asymptomatic 
lesion is less than the future risk of stroke, especially since the risk of 
arteriography has already passed. However, several studies (44—46) suggest 
a low incidence of future stroke in asymptomatic carotid stenosis after 
endarterectomy of a contralateral symptomatic lesion (Table 6). That the 
stroke rate may be lower than that of patients with isolated asymptomatic 
carotid disease may relate to the improved cerebral hemodynamics asso- 
ciated with the endarterectomy of the symptomatic stenosis. 

Humphries et al (45) emphasized that only one of 168 patients who were 
followed with asymptomatic carotid disease after contralateral endarterec- 
tomy developed a stroke without antecendent TIA. Three patients who 
refused operation. after developing TIAs developed a subsequent stroke. 
Another 15.5% of patients developed TIA and underwent successful endar- 
terectomy: without developing stroke. 


CONCLUSIONS 


During the past decade a number of noninvasive cerebrovascular diagnostic 
techniques have been developed to screen patients for extracranial carotid 
occlusive disease.. Because about 50% of patients with stroke develop cere- 


Table 6 Asymptomatic bruit with contralateral symptomatic disease 


Author Follow-up No. of 
(year) period (yr) patients TIA Stroke Endarterectomy Death 

Levine & 
Sondheimer 
(1973) 2-12 60 2 0 0 2 
Humphries 
et al (1976) up to 12 168 26 4a 26 — 
Johnson 
et.al (1978) up‘to 4 103 3 0 3 7 


a Antecedent TIAs preceded stroke in three patients who:refused-endarterectomy. 
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bral ischemia on the basis of extracranial carotid disease, the early detection 
of such lesions may lead to improved therapy and possible stroke preven- 
tion. However, further epidemiologic study is necessary to identify the 
natural history of asymptomatic carotid occlusive disease. Noninvasive 
screening techniques may permit more objective assessment of the preva- 
lence and course of asymptomatic carotid disease, with or without a bruit. 

Noninvasive screening techniques include indirect, or periorbital, and 
direct carotid surveillance methods. The former are less expensive, more 
rapid and portable, but they are insensitive to nonobstructive or ulcerated 
carotid plaques. Furthermore they cannot distinguish severe carotid steno- 
sis, which is operable, from carotid occlusion, which is generally inoperable 
by extracranial techniques. Direct carotid screening techniques are more 
expensive and less portable but they are sensitive to a wider range of carotid 
disease, including nonobstructive stenosis, and they can differentiate carotid 
stenosis from occlusion. 

Although a carotid bruit is the traditional sign of carotid stenosis, there 
are several limitations of this sign of cerebrovascular disease. Because bruits 
from the common carotid or subclavian artery or the aortic valve occur 
frequently, only about 50% of patients with cervical bruits have true carotid 
bifurcation bruits. Secondly, only about 20% of patients with “carotid 
bruits” have hemodynamically significant obstruction of the internal caro- 
tid artery. Finally, many patients with severe carotid occlusive disease do 
not have a bruit, including those with >85% stenosis and patients with 
occlusion of the internal carotid artery. Thus, to identify the “stroke-prone” 
patient, a clinician must be able to detect significant internal carotid occlu- 
sive disease regardless of the presence or absence of a carotid bruit. To meet 
this objective, the intelligent use of noninvasive cerebrovascular screening 
techniques has the greatest merit for patients with asymptomatic carotid 
artery disease. 

The future of noninvasive cerebrovascular screening will probably en- 
compass three broad areas: (a) improved instrumentation; (b) validation 
studies, both experimental and clinical; and (c) clinical application and 
outreach or transfer of the new technology to practicing physicians. Greater 
emphasis will be placed upon direct carotid screening techniques, particu- 
larly real-time B-mode ultrasonic scanning and Doppler flow velocity analy- 
sis to improve diagnostic sensitivity and discrimination of carotid stenosis 
from occlusions. Once validated, such duplex systems may not only im- 
prove screening of asymptomatic patients but also may permit more intelli- 
gent selection of angiography for patients who are candidates for 
endarterectomy of symptomatic stenoses, while excluding those patients 
who are not operative candidates (normal or occluded arteries), thus spar- 
ing them the risk and expense of contrast arteriography. 
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INTRODUCTION 


A dramatic outbreak of serious pulmonary infection in Philadelphia in July, 
1976, at a convention of the American Legion led to recognition of a 
discrete entity, Legionnaires’ disease (L.D.), and eventually to isolation and 
identification of the etiologic agent (1-3). Stored sera from previously ob- 
scure outbreaks were tested by indirect fluorescent antibody technique, and 
Legionella pneumophila was documented as the cause of several other 
major outbreaks of disease since 1965 (2, 4, 5). The disease may occur 
sporadically or as part of an outbreak. Person-to-person transmission has 
not been documented. 

The development and application of techniques of direct identification 
and culture (6, 7) have increased our understanding of the disease. The 
spectrum of the disease extends from asymptomatic seroconversion through 
a mild self-limited febrile iliness without pneumonia (Pontiac Fever) (4) to 
the severe progressive pneumonia with significant moftality known as L.D. 
(1). The incubation period is usually 2-10 days but may be as long as 28 
days (1). 

By November 7, 1978, the Center for Disease Control (CDC) had con- 
firmed 496 sporadic cases and 558 cases associated with outbreaks of L.D. 
in the United States. Cases have occurred in 43 states and the District of 
Columbia, and in Canada, Scotland, England, Wales, the Netherlands, 
Sweden, Denmark, Spain, Italy, Israel, and Australia. The prevalence of 
L.D. as the cause of sporadic, otherwise undiagnosed nosocomial! pneumo- 
nias appears to be 3.8~-10% (8, 9). 
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ETIOLOGY AND PATHOGENESIS 


Legionella pneumophila is a Gram-negative weakly oxidase-positive, cata- 
lase-positive, fastidious bacterium. The optimum growth temperature is 
35°C and pH 6.9-7.0. Legionella grows best in an atmosphere of 2.5-5% 
carbon dioxide, although it will grow in ambient air. It does not grow 
anaerobically (6). 

The organism has not been grown on any medium that does not contain 
cysteine. It can be grown in vitro only with specially enriched culture media. 
The best medium designed to date is charcoal yeast extract agar. On artifi- 
cial culture media, growth may not occur foz up to 10 days. A brown soluble 
pigment (a melanin) is produced. The organism can be isolated by in- 
traperitoneal inoculation of guinea pigs and by inoculating the yolk sac of 
embryonated hen’s eggs (2). Legionella does not reduce nitrates, utilize 
carbohydrates, or attack urea. It does not appear to possess decarboxylases 
for either lysine or ornithine nor an arginine dihydrolase. A beta-lactamase 
is produced. 

Microscopically, L. pneumophila rods are usually 2-3 um long, often 
with pointed ends. Although the organism is Gram-negative, it does not 
take the ordinary Gram stain well. It does stain well with the Giménez stain 
and in tissue with silver impregnation stains (3). 

Gas chromatography reveals large amounts of branched chain fatty er 
in the bacterial cells. ZL. pneumophila is genetically unrelated at both the 
species and genus levels to all organisms tested with DNA hybridization. 

There appear to be no strain differences to account for the variations in 
clinical characteristics among the different cutbreaks. However, the organ- 
isms do fall into four serologic groups based on antigenic differences. The 
majority of isolates, including those from the Philadelphia outbreak of 1976, 
belong to Group I (prototype strain, Kncxville), with fewer isolates in 
Group II (prototype strain, Togus), Group III (prototype strain, Blooming- 
ton), and Group IV (prototype strain, Los Angeles) (10). 

The pathogenesis of the disease remains little understood. The renal 
failure that may be observed is at least in part due to such factors as 
myoglobinuria, shock, and other prerenal factors; the encephalopathy is at 
least partly related to hypoxia and uremia. However, these factors clearly 
do not account for all of the renal and central nervous system manifesta- 
tions of the disease. It has been speculated that there is generalized sepsis 
or release of a toxin from the organism. Our group has isolated L. pneumo- 
phila on in vitro culture of the blood from three patients with L.D. The 
organism contains an endotoxin but it is not highly active biologically. An 
exotoxin has also been demonstrated, but its significance is unknown. 
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PATHOLOGY 


Pathologic findings are generally limited to the lungs (1, 3, 11). Varying 
degrees of lobar consolidation, fibrinous pleuritis, and serous or serosan- 
guineous pleural effusions are common. Microscopic findings are acute 
fibrinopurulent bronchopneumonia around respiratory bronchioles. The 
alveolar septa are usually intact. Polymorphonuclear leukocytes predomi- 
nate in an extensive dense eosinophilic intraalveolar proteinaceous and 
fibrinous exudate (11). Macrophages are frequently found. Acute diffuse 
alveolar damage with hyaline membrane formation and regenerating type 
2 pneumocytes may be due to the disease or to oxygen toxicity. 

The usual tissue stains do not show the bacilli. These include the Brown- 
Brenn, Gomori methenanine silver stain, Gridley fungus, and periodic acid- 
Schiff stains (3, 11). The Giménez stain is effective with fresh or fixed lung 
(3). The Dieterle silver impregnation stain (3) and Warthin-Starry stain 
show L. pneumophila well but are not specific. Organisms are seen in the 
exudate and inside polymorphonuclear leukocytes and alveolar macro- 
phages and, on electron microscopic examination, inside phagocytic va- 
cuoles. Specific diagnosis should be made by culture or with direct 
fluorescent antibody test (10). Biopsies done during the first week of illness 
show acute bronchopneumonia and interstitial pneumonia before oxygen 
therapy (12, 13). 


EPIDEMIOLOGY 


L. pneumophila is likely a soil and water organism transmitted by the air. 
Epidemiologic investigations in 1976 in Philadelphia indicated common- 
source airborne exposure. The attack rate was 9.0% for delegates in the 
hotel (1). L. pneumophila was isolated from lung tissue of four cases with 
in vivo techniques (2). Then five other Philadelphia patients who had not 
attended the convention were found to have had L.D. (14). 

The earliest known sporadic case of L.D. occurred with bacteremia in 
1947; the earliest known outbreak occurred in the summer of 1965 at St. 
Elizabeth’s Hospital in Washington, D.C., with 81 ill patients; 57 had 
pneumonia and 14 died. The attack rate was highest for males, those with 
grounds privileges, or with beds next to open windows or near excavation 
sites (5). 

In 1968, the explosive outbreak of Pontiac fever affected 144 people in 
a new county health department building (4). The grounds recently had 
been graded. The air-conditioner had large leaks from the evaporative 
condensor discharge units, which drained into the air ducts. When the 
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building reopened after repairs, no further zases occurred. Available paired 
serum specimens showed seroconversion. £. pneumophila Serogroup I was 
recovered from lung nodules of immunosuppressed guinea pigs exposed to 
air in the building and to aerosols from the evaporative condensor (4, 10). 

Tourists from Scotland and other part: of the United Kingdom have 
accounted for at least 10 cases with five ceaths after staying at the same 
hotel in Benidorm, Spain, between 1973 and 1978. Other tourists from 
western and northern Europe have acquirec Legionnaires’ disease on Medi- 
terranean cruises and trips to Corfu, Francz, Germany, Italy, and Portugal 
(13). 

Retrospective analysis of a different convention held in 1974 at the same 
Philadelphia hotel involved in 1976 showec that L.D. occurred in 2.9% of 
392 respondents. This was lower than the 3.0% overall attack in 1976 (1, 
15). In Nottingham, England, 19 cases with two deaths from 1976 to 1978 
have been identified. Nottingham and the hotels previously cited may be 
endemic areas. 

In Burlington, Vermont, 69 confirmed and presumptive cases of L.D. 
with 17 deaths were found in 1977 (12). Atleast 13 were hospital-acquired 
cases but the majority were community-accuired. Another nine cases with 
underlying chronic disease or immunosuppeession were found in the sum- 
mer of 1978 and accounted for 11.6% of nosocomial pneumonias (16). 
These data and the 26% seroreactivity ratein the community suggest that 
Burlington is another endemic area (12). 

The new Veterans Administration (VA) Wadsworth Medical Center 
opened in March 1977 and intermittent excavation followed. From May 
1977 to August 1979, 111 hospital-acquired cases with 17 deaths due to the 
infection itself were confirmed (9, 13, 17). The first case was identified in 
a renal transplant recipient. Renal transplantation has been temporarily 
suspended because 6 of 12 renal transplanz recipients developed L.D. in 
1977 (9). Cases cluster in the late fall and early winter but occur throughout 
the year. All have occurred in inpatients, clinic patients, or employees 
during the known incubation period (9, 13). The median interval from 
admission to onset for inpatients was 17 das. Duration of hospitalization 
was a risk factor except for immunosuppresszd patients who had a nine-fold 
greater risk of contracting L.D. Immunosuppression was a significant risk 
factor (P < 0.01). Eight cases (0.5% attacE rate) occurred in a cohort of 
1658 consecutive admissions followed over taree months beginning in Feb- 
ruary 1978. Eight others who seroconverted were asymptomatic. Legion- 
naires’ disease accounted for 8 of 73 cases of nosocomial pneumonia and 
for 4 of 14 fatal nosocomial pneumonias (9°. No other clusters have been 
identified in the area. 
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Prevalence of a positive indirect fluorescent antibody titer > 1:128 was 
significantly more common in groundskeepers and in employees who work 
inside the building compared to employees at an office building less than 0.5 
km away. Environmental isolation from the cooling tower water was ac- 
complished by the CDC. Cases continue to occur despite effective chlorina- 
tion and negative cultures of this water. 

Nine cases of Legionnaires’ disease were identified in Columbus, Ohio, 
in 1977, associated with exposure to two hospitals with recent excavation. 
In Kingsport, Tennessee, in August and September, 1977, 33 cases were 
identified in a hospital and in the community. Then new cases ceased. 

In Bloomington, Indiana, 39 cases have been identified, with four deaths; 
35 patients had stayed at least one night between May 1977 and August 
1978 in a hotel in the Student Center on campus (18). The estimated attack 
rate for overnight guests appeared to be 0.12%. Seropositivity in employees 
indicated that the hotel is an endemic site. Environmental isolation of three 
serogroups has been achieved from mud, creek water, and cooling tower 
water. Cases have occurred in the winter when the cooling tower was 
drained and not operating (18). 

A cluster of eight cases in golfers at an Atlanta, Georgia, country club 
in 1978 where L. pneumophila was cultured from water from an evapora- 
tive condensor on the golf course and from autopsy lung is under investiga- 
tion, as is a cluster of up to 33 confirmed and presumptive cases in a 
Memphis hospital and the nearby area. In Memphis L. pneumophila in an 
auxiliary water tower probably was blown to the street and hospital. 

An outbreak of L.D. with approximately 38 confirmed and presumptive 
cases was identified in the garment district of New York City in August and 
September 1978. Seropositivity in control populations (29% > 1:128) in 
the area indicates that it is an endemic area. An outbreak from 1976 
through 1978 in Norwalk, Connecticut, and two summer 1979 outbreaks 
in Eau Claire, Wisconsin, and Jamestown, New York, are being investigated 
by the CDC. 

The sporadic cases confirmed by the CDC extend over most of the U.S. 
Most have been in the Northeast and Middlewest with a late summer to 
early fall peak incidence. The age of the patients has ranged from 2 to 84 
years with a median of 54; males predominate. Sporadic cases have been 
recognized in Australia, Canada, England, Wales, the Netherlands, Israel, 
Italy, Scotland, Denmark, Sweden, and Norway, as well as in tourists (13). 
A possible cluster of sporadic cases where some have been nosocomial is 
under study in Detroit (19). A CDC study of nosocomial pneumonia in 40 
hospitals showed that L.D. accounted for 3.8% of fatal cases (8). This 
suggests that 950 cases of fatal nosocomial L.D. pneumonia occur yearly 
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in the United States. Corticosteroid administration, temperature exceeding 
39.2°C, and occurrence between June and November were common 
findings (8). Since the Bloomington outbreak included at least five cases in 
people from other states thought to have been sporadic, other sporadic cases 
may also be linked to outbreaks. 


PREDISPOSING FACTORS 


Geographic factors, reflected by outbreaks and by rates of seropositivity, 
interact with host factors in predisposition to acquisition and the severity 
of the disease. Late middle-aged to elderly males, naturally, predominated 
in the Philadelphia (1) and Los Angeles outbreaks (9, 13, 17). Males also 
predominated in other outbreaks (5, 12, 13, 18), in sporadic nosocomial 
cases (8), and in other sporadic cases (20). 

The greater risk of acquisition of L.D. im immunocompromised patients 
in various hospitals is noteworthy (8, 12, 13, 17, 19). Chronic dialysis 
patients have contracted Legionnaires’ disease in diverse hospitals (13). Of 
241 reported cases, 63% had significant underlying disease. Underlying 
diseases in 47 immunosuppressed patients were neoplasms, renal transplan- 
tation, and, less frequently, rheumatologic diseases. Other common under- 
lying diseases were organic heart disease, lung disease, renal disease, and 
diabetes mellitus. Alcohol abuse and smoking were common (13) and were 
risk factors in sporadic cases (20). An excavation site near a home, an 
overnight trip within the last two weeks (201, and possibly the use of a home 
air-conditioner are risk factors (12). 


CLINICAL FEATURES 


Most recognized cases of L.D. have had preumontia, usually severe. How- 
ever, the disease has a broad spectrum. Asymptomatic infection has been 
confirmed by diagnostic seroconversion (9). An outbreak at the Pontiac, 
Michigan Health Department in 1968 involved a relatively mild disease 
without pneumonia (4). In the 1976 Philadelphia outbreak, 13 patients who 
fulfilled epidemiologic criteria for L.D. hac normal chest radiographs (1). 
It is likely that reported cases of L.D. underestimate the prevalence of the 
disease and do not accurately portray its clinical spectrum. 


Pneumonia 

The onset of the disease is usually not abrupt. Initial symptoms often 
include malaise, weakness, lethargy, headache, and anorexia and sometimes 
myalgia. Upper respiratory symptoms are usually absent (1, 13, 17). Cough 
is present in about 90% of patients. It is initially dry in most patients, but 
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may become productive, usually of nonpurulent or minimally purulent 
secretions, in half the cases. Hemoptysis, usually mild, is not uncommon. 
Three quarters of patients manifest shaking chills, often recurrently (13, 
17). 

In our experience at the VA Wadsworth Medical Center (13), watery 
diarrhea was seen in almost half the cases. Nausea and vomiting are seen 
in about one fourth of patients. Headache is seen in one fourth to one half 
of patients. Sweats, sometimes profuse and drenching, are seen in one fourth 
of patients. Myalgia and/or arthralgia are reported in about half of the 
patients. One third of patients have pleurisy. 

The physical findings in pneumonic Legionnaires’ disease are usually 
impressive. Most patients have temperatures greater than 39°C and half to 
two thirds of patients have temperatures greater than 40°C, even when 
receiving corticosteroids or antipyretic agents. The fever tends to be nonre- 
mitting. Relative bradycardia is seen in almost two thirds of patients. 

Early, only rales may be noted but the classic case goes on to frank 
consolidation. Evidence of a small pleural effusion or a pleural rub may be 
noted. Striking changes in mental status of the patient are noted in from one 
fourth to one third of individuals. These include confusion, disorientation, 
lethargy, depression, emotional lability, insomnia, hallucinations, delirium, 
and retrograde amnesia (13). Focal neurological findings have been noted 
rarely. 

The disease extends to involve adjacent or other lobes of the lung, particu- 
larly if appropriate therapy is not started. Cavitation or abscess formation 
has been reported in a few cases (11, 13, 16). Additional complications are 
pneumatocele, pneumothorax, empyema, and adult respiratory distress syn- 
drome. L.D. may coexist with other pulmonary infection (13) in which case 
the clinical picture may be much less distinctive. 


Extrapulmonary Manifestations 


The occurrence of certain central nervous system signs has been noted 
earlier. Additional central nervous system manifestations that have been 
reported include slurred speech, coma, memory defects, fine or: coarse 
tremors, stiff neck, ataxia, cerebellar dysfunction, and peripheral neuropa- 
thy. Two cases of L.D. with associated severe cerebral disturbance have 
been reported (21). Severe aphasia and ataxia persisted for weeks in one case 
and were still present to a minor degree after three years. The second case 
had persistent aphasia after five months. Ataxia persisted for at least three 
years in another case. 

The liver is at times enlarged and tender and clinical jaundice is seen 
occasionally. On occasion, guaiac-positive stools or frank gastrointestinal 
bleeding has been noted. 
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Abnormalities related to the kidneys range from proteinuria and hema- 
turia to overt renal failure (1, 15). Hyaline end granular casts have been seen 
periodically and red blood cell casts rarely. Renal failure related to shock, 
myoglobinuria, or acute tubulointerstitizl nephritis has been reported. 
Dialysis has been required at times. One patient had mild residual renal 
insufficiency for at least nine months. 

Elevation of serum creatine kinase and aldolase in a few patients has been 
seen in relation to rhabdomyolysis or mycsitis. Hypotension or shock has 
been noted occasionally. Hematologic abnormalities include disseminated 
intravascular coagulation, thrombocytoperia, and severe anemia. Inappro- 
priate secretion of antidiuretic hormone has been noted (17). 


Pontiac Fever 


The Pontiac Fever outbreak affected 95% of employees. It was a relatively 
mild, self-limited illness consisting primarily of chills, low-grade fever, 
headache, and myalgia lasting two to five days. 

The mean incubation period was only 36 hours. The entire symptom 
complex appeared within six to twelve hours of onset. Other symptoms 
commonly noted were dizziness, slight cough, photophobia, nausea, and 
diarrhea. Sore or dry throat was present ir one third of patients and mid- 
sternal chest pain or constrictive sensation was noted by 45%. Also noted 
were confusion, poor coordination, nightmares, insomnia, difficulty with 
memory or concentration, and general irritability. Chest radiographs, per- 
formed in 17 individuals, were negative. Nosignificant residual defects were 
noted and there were no deaths (4). 


DIAGNOSIS 


Distinctive Clinical Features 


Although LZ. pneumophila may cause asymptomatic infection or mild ill- 
ness, the classical presentation is that of preumonia. In the presence of an 
outbreak, of course, all cases of pulmonary infection must be considered as 
possibly due to L. pneumophila. Predisposing factors, such as immunosup- 
pressive therapy, should also raise the question of L.D. in an individual with 
pneumonia. With involvement of other organ systems such as the central 
nervous system, liver, gastrointestinal tract, and/or kidneys, L.D. becomes 
even more likely. 

The finding of only small numbers of polymorphonuclear or mononu- 
clear leukocytes and few or no organisms in sputum or transtracheal aspi- 
rate suggests L.D., as does the absence of pathogens on routine culture of 
such specimens, or pleural fluid, in an individual with pneumonia. High 
fever, particularly with relative bradycardia, is an important clue. Evidence 
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of an encephalopathy and/or renal abnormalities and diarrhea similarly 
suggest L.D. Significant myalgia in a patient with pneumonia would be 
suggestive, as would hemoptysis with or without pleural pain. When other- 
wise unexplained abnormal liver function tests or hypophosphatemia are 
seen in conjunction with an acute pneumonia, L.D. must be strongly consid- 
ered. 

Failure of an apparently bacterial pneumonia to respond to agents such 
as penicillins, cephalosporins, or aminoglycosides should raise the possibil- 
ity of L.D. Conversely, an impressive response to erythromycin suggests 
this diagnosis if other causes have been excluded. 


Routine Laboratory Diagnosis 


Acute pneumonia is the striking feature of almost all cases of L.D. The first 
radiographic finding usually is a patchy alveolar infiltrate in one lobe (1, 13, 
15). Consolidation in the area of the initial infiltrate is common. Spread to 
other areas of the ipsilateral lung is noted next. Infiltrates remain unilateral 
in about half to three fourths of patients (13). In others there is contralateral 
spread. Consolidation and lower lobe involvement are common (1, 13, 17). 
Infiltrates may progress despite appropriate therapy and eventual clinical 
recovery. Patients who survive after therapy usually show radiographic 
improvement within two weeks but clearing may be delayed (13, 15). Pleu- 
ral effusion may be found before the infiltrate; this occurred in about half 
of our patients (13, 17). An initial diffuse infiltrate is distinctly rare or 
unknown. Less common findings are nodular infiltrates and cavity forma- 
tion (11, 13, 16, 19). 

Leukocytosis (WBC >10,000/mm7°) is found in half to three fourths of 
patients (13). Immature forms may be noted (13, 15). Leukopenia, a bad 
prognostic sign, is uncommon (1, 15) as is thrombocytopenia (13). Dis- 
seminated intravascular coagulation has occurred several times. Increase in 
erythrocyte sedimentation rate, serum levels of lactic dehydrogenase, ala- 
nine aminoaspartase (SGOT), and alkaline phosphatase are common, and 
modest bilirubin elevation less common (1, 13, 15, 17). 

Hematuria was found in 16% of reported cases but has not been found 
at Wadsworth (13). Proteinuria occurs in about half and hyaline or granular 
or red blood cell casts less frequently (13). Acute renal failure with myo- 
globinuria (14) and nonoliguric renal failure that took nine months to 
resolve have been noted. 

Hyponatremia from the syndrome of inappropriate antidiuretic hormone 
occurs in about half (13). Hypophosphatemia was noted in half of our 
patients and reflects the accompanying Gram-negative septicemia (13, 17). 
Uncommon findings are elevations of creatine kinase and adolase (14, 19). 
Arterial blood gas abnormalities reflect the extent of pneumonic involve- 
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ment. Spinal fluid examination is normal (17). Positive cold agglutinin and 
mycoplasma complement fixation tests have been found in a few patients 
with confirmed L.D. (13, 17). 

Serum specimens for the indirect fluorescent antibody test should be 
obtained at onset of illness and preferably weekly for six weeks. The antigen 
currently routinely used is the Philadelphia or Serogroup I. About two 
thirds of patients show seroconversion at tiaree weeks and all by six weeks 
if seroconversion is used for diagnosis (17). Current criteria for confirma- 
tion of diagnosis are a titer quadrupled or more to > 1: 128 with compatible 
clinical disease. A convalescent titer of > 1:256 with compatible clinical 
disease is presumptive; yet in endemic area3, interpretation of a single titer 
may be difficult. Known cross-reactions occur with tularemia, plague, and 
leptospirosis. Use of culture of L. pneumophila and/or demonstration by 
direct immunofluorescence on respiratory tract secretions reveals that not 
all patients in our hospital show seroconversion on serial testing against all 
four serogroups. 

Rapid diagnosis should be attempted wich examination of expectorated 
sputum, transtracheal aspirates, endotracheal tube aspirates, bronchoscopic 
washings, lung biopsies, lung aspirates, or pleural fluid by the direct im- 
munofluorescent test (7, 13, 16, 19, 22). Tais appears very useful. 

L. pneumophila has been recovered from autopsy lung specimens (2, 13), 
transtracheal aspirates (22, unpublished), sputum (unpublished), pleural 
fluid (23), lung biopsies (13, 19), and in our aospital three times from blood 
using in vitro techniques. At Wadsworth, 25 clinical isolates, mostly Group 
I, have been recovered. 

Gram stains of most transtracheal aspirates have shown only a few 
polymorphonuclear leukocytes and/or macrophages and less commonly 
faintly staining Gram-negative bacilli (13, 17). Exudative pleural effusions 
are more common than are transudates (17). 

Special culture techniques in reference laboratories for clinical or envi- 
ronmental specimens include yolk sac inoculation of embryonated hen’s 
eggs and intraperitoneal injection of guinea pigs (2). 


DIFFERENTIAL DIAGNOSIS 


Clinical diagnosis outside an outbreak situation may be difficult. Progres- 
sively rising fevers, persistent and recurring rigors, nonproductive cough, 
prostration, and relative bradycardia and extrapulmonary manifestations 
should suggest L.D. Liver function abnormalities and hypophosphatemia 
are clues also. An unimpressive cough anc. scant sputum in the face of 
considerable pneumonia is notable. Recurrent rigors, rather than single 
chill, favor L.D. over uncomplicated Streptococcus pneumoniae pneumo- 
nia. A persistent hacking cough is more common with Mycoplasma pneu- 
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moniae infection, which usually also occurs in younger people but there is 
some overlap of ages. 

Immunosuppression, high fever, and corticosteroid use in nosocomial 
cases and late summer onset in some areas are helpful. The failure to isolate 
other bacterial pathogens is suggestive but aspiration pneumonia or other 
dual infections have been also noted (13, 16, 17). 

One must also consider influenzae, adenovirus, psittacosis, and Q fever. 
The chest radiograph in psittacosis normally shows a smaller infiltrate than 
in L.D. and in Q fever the infiltrate is more likely to be a diffuse interstitial 
one. Tularemia or plague with pneumonia must also be considered in spo- 
radic cases. 


THERAPY 


The usual supportive measures required for seriously ill patients are, of 
course, essential. Reduction in the dosage of immunosuppressive agents, 
particularly corticosteroids, in patients with L.D. should be considered (9). 

L. pneumophila produces a beta-lactamase which is basically a cephalos- 
porinase but which also affects penicillins. In in vitro studies and studies 
involving chick embryo cells, yolk sac culture, and intraperitoneally in- 
fected guinea pigs, several drugs showed good activity against L. pneumo- 
phila. Overall, rifampin and erythromycin showed the greatest activity (24). 

Some of the guinea pigs exposed in the Pontiac fever outbreak of 1968 
were treated prophylactically with tetracycline and streptomycin. These 
animals had a 38% reduction in incidence of pneumonia as compared to 
untreated exposed guinea pigs (25). 

In the epidemic of L.D. in Philadelphia in 1976 (1), the case-fatality ratio 
was high in patients treated with cephalothin (20/49); intermediate in 
patients treated with aminoglycosides (9/25), chloramphenicol (3/10), am- 
picillin (10/41), and penicillin (6/30); and was most favorable in patients 
given tetracycline (3/30) or erythromycin (2/18). 

The experience with tetracycline is confusing. In the Philadelphia out- 
break, as noted, it appears that tetracycline was relatively effective (1, 15). 
However, several patients have developed the disease while receiving tetra- 
cycline or have had clearcut progression during tetracycline therapy (17). 
Penicillins and cephalosporins, alone or with aminoglycosides, have not 
provided a favorable effect in L.D. (1, 13, 15, 17, 19). A few reports of 
therapy with gentamicin plus either clindamycin or metronidazole in- 
dicated no favorable response. Chloramphenicol failed in one case. 

Our initial experience (17) was that most cases of L.D. treated with drugs 
other than erythromycin progressed. Three patients received tetracycline; 
of these, two appeared to respond. Except for one patient who apparently 
responded to high dose ampicillin therapy, the following drugs were used 
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without effectiveness: ampicillin, penicillin. carbenicillin, oxacillin, cephalo- 
thin, cephalexin, cefoxitin, cefazolin, amikacin, gentamicin, and clindamy- 
cin. Our larger experience (13) impresses us that erythromycin is an 
effective drug and generally leads to prompt clinical improvement (mortal- 
ity 13% in patients treated with erythromycin vs 55% in patients not 
treated with this drug). We have used doszs of two or four grams daily by 
either the oral or intravenous routes. We favor the intravenous route and 
the higher dosage for patients who are very ill with L.D. There is one report 
of failure of oral erythromycin therapy m three patients, one of whom 
developed the disease while receiving erythromycin (26). Patients should be 
treated for at least three weeks because relepse or protracted convalescence 
has been noted in patients treated for shorter periad. 

There are a few instances of successfu. use of rifampin together with 
tetracycline or erythromycin. Rifampin shculd not be used as a single agent 
because rapid one-step resistance may develop. Cotrimoxazcle in high dos- 
age may have been effective in two patients in our series. 


PROGNOSIS 


Case-fatality rates and prognosis are greatly affected by underlying disease 
and therapy administered. A few patients not treated appropriately have 
recovered after about six to eight days of severe illness (1, 15). Immunosup- 
pressed patients at Wadsworth who recerved erythromycin had a case- 
fatality rate of 24% and those who did not 30%. In nonimmunosuppressed 
patients, the case-fatality rate was 7% with erythromycin therapy and 25% 
in those who did not receive erythromycir. (13). 

Patients who apparently recover commor.ly complain of easy fatigability, 
malaise, and weakness for weeks to months and may show persistent central 
nervous system abnormalities (13, 15, 21). Pulmonary function tests were 
unchanged in some not treated with erythromycin except for a decrease in 
diffusing. capacity (27). 


SUMMARY 


Legionella pneumophila infections frequentky manifest themselves as a mul- 
tisystem disease with acute pneumonia. Certain clinical and laboratory 
features are helpful in diagnosis but none are pathognomonic. Diagnosis 
frequently must be made clinically and erythromycin given presumptively 
because of the delay in seroconversion but culture and direct fluorescent 
antibody testing are quite useful for rapid diagnosis. Epidemiologic and 
laboratory investigations will undoubtedly yield considerable information 
about this fascinating bacterial disease. 
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INTRODUCTION 


Viral respiratory illnesses in adults account for over 50% of work and 
school absenteeism yearly in the United States. Recent work on the patho- 
genetic mechanisms of these infections has delineated a complex interaction 
between viral respiratory infection and lung function that may help explain 
the often protracted nature of the symptoms. Additionally, studies of pul- 
monary function during and after viral infection have defined some of the 
important defense mechanisms of the lung. 


COMMON COLD 


Recent evidence indicates that even “uncomplicated” viral upper respira- 
tory infection in adults, i.e. infection in which clinical manifestations remain 
limited to the upper respiratory tract and in which chest roentgenograms 
and conventional pulmonary function tests are normal, are commonly asso- 
ciated with prolonged physiologic abnormalities suggestive of lower respira- 
tory tract involvement. These include abnormal frequency dependence of 
dynamic compliance (1), diminished steady-state diffusing capacity (2), 
abnormal closing volumes (3), and diminished density-dependent expira- 
tory flow rates (3). A prospective study (4) of young children with uncom- 
plicated upper respiratory infection showed diminished forced expiratory 
flow rates—a particularly significant observation because other complicat- 
ing factors such as long-term exposure to air pollutants and cigarette smok- 
ing were obviated. 
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These studies suggest that a common site of host-virus interaction is in 
the peripheral airways of man. Much recent attention has focused on physi- 
ologic abnormalities in this segment of the tracheobronchial tree. These 
airways, usually arbitrarily defined as less than 2 mm in diameter, normally 
contribute very little resistance to airflow in -he lung, compared to the larger 
airways. Consequently, considerable narrowing of peripheral airways can 
be present without marked symptoms or abnormalities of conventional 
pulmonary function tests. For this reason, fhese airways have been dubbed 
the “silent zone” of the lung (5). Another consistent observation is the 
protracted duration of physiologic abnormalities, usually averaging 3-12 
weeks, well beyond the duration of upper respiratory tract symptoms. 


INFLUENZA INFECTION 


Earlier studies evaluating physiologic impzirment often included subjects 
with acute respiratory illness not precisely characterized according to spe- 
cific viral etiology. Our approach has been to combine specific viral diagno- 
sis with physiologic testing. For several yeers we have studied pulmonary 
function in otherwise healthy young adults with nonpneumonitic, naturally 
acquired influenza A virus infection. In our initial studies 13 subjects with 
proven influenza A/Port Chalmers/73 HH, infection had abnormal! fre- 
quency dependence of total pulmonary resistance, which suggests a general- 
ized increase in the resistance to air flow in. the peripheral airways (6). As 
was noted with other viral infections, these abnormalities persisted beyond 
the period of symptomatic illness. In a subsequent epidemic of influenza 
A/Port Chalmers/73 HN, virus, we further documented peripheral air- 
way dysfunction in uncomplicated influenza by demonstrating diminished 
density-dependent forced flow rates in 15 volunteers with naturally ac- 
quired disease (7). Similar findings were observed in 36 of 39 (92%) sub- 
jects with influenza A/Victoria/3/75 H3N; infection (8). 

These observed changes in pulmonary function brought on by influenza 
infection allow us to conveniently and ob-ectively assess the efficacy of 
antiviral chemotherapy. The prophylactic efect of amantadine against in- 
fluenza A virus belonging to the HN, H:N2, and H,N;, groups is well 
documented (9). In addition, signs and symptoms of influenza resolve more 
rapidly when amantadine is used therapeutically (9). In two randomized 
double-blind studies in our laboratory, patients with peripheral airway 
dysfunction improved more rapidly when treated with oral amantadine 
than did the untreated controls (7, 8). This correlates with more rapid 
improvement in signs and symptoms, more rapid defervescence, and more 
rapid decrease in virus shedding among arr-antadine-treated subjects. 

Recent attention has focused on development of live attenuated influenza 
A virus vaccines. In light of the known physiologic changes associated with 
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naturally acquired infection, evaluation of these intranasal-administered 
products should include physiologic testing. Although some investigators 
(10, 11) describe minor transient pulmonary function abnormalities of ques- 
tionable clinical significance, others have been unable to confirm these 
findings (12, 13). Consequently, there is no convincing evidence that live 
influenza virus vaccines have serious deleterious effects on lung function. In 
tests of over 100 subjects who have received either temperature-sensitive, 
cold-adapted, or inhibitor-resistant viruses, we have not observed the pe- 
ripheral airways abnormalities associated with naturally occurring in- 
fluenza (unpublished observations). 

In another study in chronic bronchitis, symptoms were more frequent 
after live vaccine compared to placebo, but other differences between the 
groups may have explained the observed symptoms (14). We did not ob- 
serve differences in clinical responses among elderly and chronically ill 
subjects who received live attenuated virus compared to those who received 
killed vaccine (15). 


PATHOPHYSIOLOGY OF ALTERED 
LUNG FUNCTION 


The most characteristic histologic hallmark of viral respiratory infection is 
bronchial epithelial damage (16). While an inflammatory response to viral 
replication undoubtedly contributes substantially to the observed abnor- 
malities in pulmonary function following viral infection, it seems unlikely 
that this is the sole mechanism. In our studies on nonpneumonic influenza, 
pulmonary function abnormalities are most pronounced 7-10 days after the 
onset of illness, usually at the time when clinical manifestations are im- 
proved. Also, abnormalities are prolonged beyond the usual period of viral 
shedding (6-8), which suggests an additional pathophysiologic mechanism 
along with inflammation. Recent evidence suggests that exaggerated bron- 
chial muscle reactivity may be this additional factor. Empey and colleagues 
(17) demonstrated transient bronchial hyperreactivity to histamine aerosol 
and an exaggerated cough reflex to inhaled citric acid during and after 
uncomplicated influenza A infection. Both responses could be blocked by 
prior administration of atropine. These observations suggested that airway 
epithelial damage by infection results in a vagally mediated reflex causing 
generalized bronchospasm. It was postulated that the afferent receptors 
were in fact rapidly adapting airway epithelial receptors “sensitized” by 
epithelial damage (18). These receptors and associated pathways have been 
implicated in the hyperreactivity of asthmatics to a variety of stimuli, 
including histamine and citric acid. 

We have investigated airway reactivity during specific respiratory viral 
infections by utilizing carbecholamine (Carbachol) as a cholinergic aerosol 
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challenge. Subjects with nonpneumonitic influenza A infection manifest 
transient bronchial hyperreactivity for an average of three weeks following 
onset of symptoms (8). Furthermore, no relationship with an atopic predis- 
position could be discerned. Recently, we studied a naturally occurring 
outbreak of respiratory syncytial virus infection in a group of young, nona- 
topic adults (19). The major abnormality noted was exaggerated bronchial 
reactivity to cholinergic stimulation, in some cases persisting for over eight 
weeks. 

There is preliminary evidence suggesting that respiratory viral infection 
may also alter the pulmonary response to-environmental stimuli. We re- 
cently studied a group of nonatopic subjects with documented upper respir- 
atory viral infection. Subjects demonstratec enhanced bronchoconstriction 
to exercise in cold air. Altered reactivity © this common environmental 
stimulus persisted for three weeks following mild infection (20). This obser- 
vation suggests that viral infection may alte- the response of the respiratory 
tract to incompletely conditioned air, and may explain the protracted dura- 
tion of symptoms commonly noted with tlese infections. 

Prior epidemiologic studies have noted = correlation between acute res- 
piratory illness and elevated levels of air pollutants (21). Utell et al (22) 
recently demonstrated that particulate nifrate, a common air pollutant, 
produced no effect either in normals or astkmatics after short-term inhala- 
tion (22). However, when subjects with unsomplicated influenza infection 
were exposed to an identical nitrate concertration they uniformly demon- 
strated transient diminution in forced expr-atory flow rates, lasting up to 
three weeks following infection (23). If thes studies can be confirmed, the 
adverse health effects of automotive and industrial pollutants may have to 
be reevaluated in terms of their potential synergy with viral illness. 

Other related studies suggest that viral respiratory infection may alter the 
balance between the autonomic nervous sys-em and humoral agents, which 
together modulate airway muscular tone. Szentivani (24) demonstrated 
such autonomic imbalance, chiefly characte -ized by diminished beta-adren- 
ergic response of bronchial smooth muscle. Busse (25) studied the beta- 
adrenergic sensitivity of asthmatic patient. with intercurrent respiratory 
viral infection. The common beta-adrenergic compound, isoproterenol, nor- 
mally inhibits lysosomal enzyme release in zranulocytes, and furthermore, 
the degree of inhibition is markedly diminished in asthmatic patients com- 
pared to normal subjects. These investigatcrs found an even further tran- 
sient diminution of isoproterenol inhibiton during intercurrent viral 
infection. They suggested that a similar change in beta-adrenergic tone of 
airways could partially explain exaggeratec. bronchoconstrictor responses 
observed during viral infections. Viral infection may also be an important 
modulator in IgE-mediated histamine releas=. Ida et al (26) obtained leuko- 
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cytes from patients with ragweed allergy, incubated them with respiratory 
viruses, and then challenged them with a ragweed antigen E. Leukocytes 
incubated with virus demonstrated a significant enhancement of histamine 
release, which suggests that exaggerated bronchial reactivity might occur 
if the patient was exposed to specific antigen during an intercurrent viral 
infection. 


CONCLUSION 


The effect of respiratory viral infection on lung function is clearly complex. 
Key mechanisms seem to be peripheral airway inflammation and exagger- 
ated bronchial reactivity, presumably secondary to epithelial damage and 
sensitization of airway receptors. From a clinical standpoint, respiratory 
viral infection may greatly enhance the adverse effects of a variety of physi- 
cal stimuli including cold air and common pollutants. Further work in this 
area may help define important host defense mechanisms. 
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Medical Branch, Galveston, Texas 77550 


Many diseases cause postural hypotension and evaluating them all in every 
patient whose blood pressure falls upon standing is impossible. However, 
an examination of the specific mechanisms that maintain blood pressure can 
quickly point toward the cause of postural hypotension and limit the differ- 
ential diagnosis to a few diseases. This chapter discusses mechanisms that 
maintain blood pressure, new tests for their evaluation, and major diseases 
in which these mechanisms are faulty. 

When a person stands, the force of gravity in the vertical axis (+1 Gz) 
results in pooling of 300-800 ml of blood in the legs (1). After standing for 
10 minutes there is a 10% hemoconcentration (2) as water moves out of the 
vessels into interstitial spaces and causes swelling of the feet and legs. This 
“self-phlebotomy” reduces central blood volume and filling pressure of the 
heart. This causes a marked decrease in cardiac output in people lacking 
compensatory mechanisms, and in those people blood pressure falls to less 
than half the pressure while recumbent. Normal people, however, have 
powerful compensatory mechanisms to maintain blood pressure and these 
remain effective even after the loss of 1000 ml blood or when subjected to 
a force of +7 Gz for up to one minute. 

After standing, normal people increase their heart rate in less than two 
seconds. This is a neurogenic response initiated by baroceptors located at 
the arch of the aorta and carotid bifurcation. This baroceptor input to the 
brainstem is the most important stimulus initiating postural hemodynamic 
responses. In some people cortical input appears important; they are much 
more susceptible to hypotension and fainting when tilted upright on a tilt 
table than when they perform the familiar act of standing. 

When a person stands, the sympathetic nervous system increases the 
activity of nerves to blood vessels and the heart to compensate for a decrease 
in venous return. Heart rate increases but there is a small decrease in total 
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cardiac output and a greater decrease in stroke volume. Peripheral resis- 
tance increases slightly, which thus maintains mean blood pressure while 
pulse pressure decreases. 

This response to standing depends on several mechanisms; failure of any 
of them leads to postural hypotension: (a) neurogenic feedback loop that 
depends on baroceptor input to brainstem centers. This inhibits vagal tone 
and stimulates spinal nerve tracts synapsing with sympathetic ganglia, 
which in turn stimulate release of norepinzphrine (NE) from sympathetic 
nerves; (b) venous and arteriolar vasoconstriction in response to NE; (c) 
cardiac response with positive inotropic and chronotropic effects of NE and 
a decrease in vagal negative chronotropic effects; (d) an adequate blood 
volume to supply the heart and blood vessels. 

The primary neurogenic component of the adaptation to standing is a 
diffuse increase in sympathetic nervous aczivity mediated by enhanced re- 
lease of NE. A tiny fraction of the released NE diffuses into the blood 
stream and, after standing, blood levels of NE increases by 50% within two 
minutes, double by five minutes, and triple after mild exercise (Figure 1). 
Individuals with significant postural hypotension almost always have an 
abnormal pattern of NE release that car indicate the type of disorder 
causing hypotension. 

Patients with idiopathic orthostatic hypo:ension, who have isolated auto- 
nomic dysfunction, have a marked depletion in NE content of blood vessels 
normally innervated by sympathetic nerves (3). When these patients are 
given tyramine, a drug that releases endog2nous stores of NE, they fail to 
respond. While recumbent these patients have plasma NE ievels that are 
only one third of normal, reflecting their depleted tissue stores. When they 
stand, their blood pressure drops precipitcusly, they fail to increase their 
heart rate, and their low level of plasma NE remains unchanged (Figure 1). 
Even with exercise they cannot increase their circulating NE levels since 
there is apparently no NE to be released. 

Several other diseases can cause destruction of peripheral sympathetic 
nerves. Thiamine deficiency, alcohol, and other chemicals may cause a 
neuropathy that includes autonomic nerves. Ganglionic-blocking drugs, 
reserpine, and guanethidine have a sympatkolytic effect. Diabetes is proba- 
bly the most common cause of autonomic neuropathy; the process develops 
slowly so that as the diabetes worsens the pettern of NE secretion decreases 
from a normal response to that characteristic of patients with idiopathic 
orthostatic hypotension (Figure 1). Diabetics also frequently develop ortho- 
static hypotension from volume depletion caused by renal salt and albumin 
wasting and protein leakage through diseased capillaries. When this hap- 
pens the sympathetic nervous response is greater than normal and is charac- 
teristic of the response to volume depletion (Figure 1). An increased NE 
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Figure 1 Plasma NE levels while recumbent, after standing for 5 or 10 minutes, and after 
5 minutes of isometric exercise while standing. Solid squares represent idiopathic orthostatic 
hypotension; open squares, Shy-Drager Syndrome; open circles, normal subjects; and open 
triangles, normal subjects after furosemide diuresis. Values show £ standard error of the mean. 


release in response to volume depletion sharply contrasts with the decreased 
NE levels seen in diabetic autonomic neuropathy and indicates that the 
patient may benefit from volume expansion (4). 

Patients who have intact peripheral sympathetic nerves but who have a 
defect of the brain stem or spinal cord that prevents activation of these 
nerves can have severe postural hypotension. Patients with the Shy-Drager 
Syndrome (5) have abnormalities of their brain stem and postural hypoten- 
sion. They have a normal response to tyramine infusion (6) and normal 
resting levels of plasma NE (7). When they stand, however, they fail to 
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activate their sympathetic nervous system, and NE levels remain un- 
changed (Figure 1) while blood pressure: drops. Cerebrovascular insuffi- 
ciency can present with postural hypotens-on. Patients who have infarcted 
vasoregulatory brain areas fail to increase plasma NE on standing. They 
often have abnormal arteriograms. Other -liseases affecting the brain stem 
and basal ganglia such as Huntington’s Chorea (8) and Parkinsonism (9) 
are often associated with mild postural hypotension and a small decrease 
in plasma NE from normal levels. 

In contrast to patients with defective sympathetic nervous systems, nor- 
mal subjects double their plasma norepinephrine levels after standing for 
five or ten minutes and triple their levels efter moderate exercise. Normal 
subjects who have been given sufficient furosemide to cause a weight loss 
of 1.5 liter of fluid develop some postural hy>otension and, while recumbent, 
have plasma NE levels that are higher han normal and that increase 
strikingly above normal levels upon stand.ng (Figure 1). This marked in- 
crease in sympathetic nervous activity is not quite adequate to maintain 
their blood pressure while they stand anc these subjects decreased their 
blood pressure from 110/75 to 102/71 while increasing their heart rate from 
73 to 88. It is not uncommon to see patients suspected of having neurogenic 
orthostatic hypotension who are volume depleted. Diabetics with a mild 
autonomic deficit may also have mild volumne depletion and this combina- 
tion can lead to disabling postural hypoteasion. 

Drugs that prevent the vasoconstriction 1ormally caused by NE have an 
effect similar to that of volume depletion. Vhen the drug is an a-blocking 
agent such as phentolamine or a vasodilatcr such as a nitrite, the postural 
hypotension provides little diagnostic challenge. However, other a-blocking 
drugs such as chlorpromazine or vasodiletors such as alcohol can have 
similar effects. When these drugs do not effect a 8-adrenergic blockade, the 
tachycardia in response to standing may serve as an important clue to their 
presence. 

Postural dizziness may be the presenting complaint of patients with a 
central or peripheral nerve defect or with hypovolemia. These groups of 
patients can be distinguished on the basis cf their patterns of NE secretion 
and by physical examination. Central nervcus system disease that incapaci- 
tates the sympathetic nervous system almos“ always involves adjacent struc- 
tures. Interruption of spinal pathways to sympathetic nerves is always 
associated with other signs of a cord lesion, usually paralysis and spasticity. 
Involvement of the vasomotor centers is usually accompanied by movement 
disorders, Parkinsonism, bulbar defects, weakness, or spasticity. These 
should all be tested for with the patient recumbent since hypotension can 
lead to transient neurologic deficits. Patienzs with degeneration of periph- 
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eral autonomic nerves may develop central defects coincidentally or as the 
result of episodes of hypotension, but such cases are not common. 

Diseases causing neuropathic changes in peripheral sympathetic fibers 
depress both resting and stimulated levels of plasma NE since they destroy 
neuronal stores of NE. The disease may affect only autonomic nerves as in 
idiopathic orthostatic hypotension, may affect a wide range of peripheral 
nerves as in diabetic and toxic neuropathies, or may affect peripheral and 
central nerves as in the Guillain-Barré syndrome. All these diseases lower 
catecholamine levels in tissues innervated by sympathetic nerves and de- 
crease plasma NE at rest and while standing. Patients with these diseases 
have decreased responsiveness to infusions of tyramine, which release en- 
dogenous NE, and increased responsiveness to infusions of NE, due to 
denervation supersensitivity. 

All the diseases of both central and peripheral vasoregulatory nerves that 
cause postural hypotension affect both sympathetic and parasympathetic 
nerves. As a result, patients with these diseases present a constellation of 
symptoms that are very similar in diseases of diverse etiology. They may 
have a fixed heart rate, incontinence, constipation, inability to sweat, heat 
intolerance, and fatigability. In contrast, patients with postural hypotension 
due to volume depletion, venous pooling of blood, or vasodilator drugs have 
a marked increase in pulse rate on standing and do not have signs of 
autonomic deficiency. However, it is not uncommon for diabetics with 
postural hypotension to have both mild autonomic neuropathy and volume 
depletion. Diagnosis of this combination requires measurement of plasma 
NE levels, and sometimes of plasma and red blood cell volumes. 

Successful therapy of postural hypotension depends on a precise diagno- 
sis. The most common cause is iatrogenic when a combination of volume 
depleting and sympatholytic drugs are given to treat hypertension. Al- 
though guanethidine is the best known cause of iatrogenic postural hypoten- 
sion, drug combinations that act on both central and peripheral sympathetic 
nervous control (clonidine, methyldopa, prazosin), on cardiac 8 receptors 
(propranolol, metoprolol), and on plasma volume (diuretics) attack all the 
major means of postural blood pressure control and can lead to marked 
postural hypotension. Adequate blood pressure control, without disabling 
postural hypotension, can often only be achieved if one of the sympatholytic 
agents is replaced with an arterial vasodilator such as hydralazine or minox- 
idil. 

Patients with postural hypotension due to volume depletion alone usually 
have low blood pressure while recumbent and respond well to volume 
expansion through replacement of plasma protein, red cells, or fluid with 
fludrocortisone and supplementary sodium chloride. 
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Patients with neurogenic hypotension due to central or peripheral causes 
are difficult to treat adequately. Their blood pressure can be raised with 
a adrenergic agonists such as phenylephrine, hydroxyamphetamine, or, in 
patients with a central defect, a monoamine oxidase inhibitor and tyramine 
to release endogenous NE. These can have pressor effects and yet not 
provide symptomatic relief since blood flow to the brain may be impeded 
by these agents, which cause diffuse vasoconstriction. Agents that stimulate 
the heart, such as ephedrine, may provide more symptomatic relief provided 
the patient has an adequate return of blood to the heart. Since patients with 
neurogenic postural hypotension cannot adequately constrict their venous 
capacitance vessels when they stand, treatment can be aimed at compensat- 
ing for this defect. Fitted Jobst® stockings that extend waist high, or an 
anti-G suit, can decrease venous pooling. Administration of fludrocortisone 
and salt is usually better accepted by patients but can cause hypertension 
and congestive heart failure during recumbency. Propranolol, to block £ 
vasodilation, has been helpful in some people and indomethacin or flurbi- 
profen, to block prostaglandin induced vasodilation (10, 11), may help but 
these drugs are not uniformly successful (12). 

Sometimes treatment of a disease may unmask a latent defect in postural 
responses. For example, some symptoms of the Shy-Drager syndrome and 
Parkinsonism respond to levodopa or bromocriptine, but these drugs aggre- 
vate postural hypotension (13). Treatment of fluid overioad in renal failure 
may unmask the hypotensive effects of uremic autonomic neuropathy (14). 
Insulin can have unexpected hypotensive effects in patients with mild dia- 
betic autonomic neuropathy (15): Such drug responses can serve as impor- 
tant clues to underlying disease. 

Diseases or drugs that cause postural hypotension usually impair (a) 
peripheral autonomic nerves; (b) central control of autonomic nerves, or 
(c) blood volume. Hypotensive patients can usually be categorized into one 
of these three groups; this limits the differential diagnosis and can serve as 
a guide to effective therapy. 
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INTRODUCTION 


Snake venom poisoning is a medical emergency that requires immediate 
attention and the exercise of considerable judgment. It is a multiple type of 
poisoning, for snake venoms are complex mixtures containing as many as 
ten biologically active components. It must be remembered, however, that 
in attending a patient who has been bitten by.a venomous snake it does not 
necessarily follow that he has been envenomated by the snake. Approxi- 
mately 20% of all bites by venomous snakes in the United States do not 
result in poisoning. The snake may not eject venom or, if it does, it is spewed 
on the skin in a superficial bite. The physician should establish the diagnosis 
of snake venom poisoning on the basis of the clinical findings, rather than 
on the presence of fang or teeth marks and the identification of the offending 
reptile. Although there are an estimated 45,000 bites by all snakes in the 
United States each year (1), only about 6680 persons are treated for snake 
venom poisoning (2). However, it can be expected that at least 1000 addi- 
tional bites by venomous snakes occur each year and that they are either 
not treated or go unreported. During the past five years the number of 
deaths from snakebite in the United States has ranged between 9 and 14. 
Most of these deaths occurred in children, in the. elderly, in untreated, 
mistreated, or undertreated cases, in cases complicated by other serious 
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disease states, or in members of religious sects wha handle serpents as part 
of their worship exercises and refuse medical treatment. Almost all reported 
deaths have been attributed to the rattlesnakes (3). 


DISTRIBUTION 


There are approximately 120 species of snakes in the United States of which 
20 can be considered sufficiently venomous to be dangerous to man. These 
poisonous snakes are generally divided into two groups: the pit vipers 
(Crotalidae) and the coral snakes (Elapidae). The crotalids include the 
rattlesnakes, cottonmouths (water moccasins), copperheads, the pigmy rat- 
tlesnakes, and the massasaugas, while the elapids are the eastern coral 
snake, and the smaller Arizona or Sonoran coral snake. The distribution of 
these snakes is shown in Table 1. 

In addition to these snakes, bites by “exotic snakes” (those not native to 
the United States) are being reported with increased frequency. The in- 
crease in the number of such snakes in collections and the number of 
reported bites has been remarkable. It is not possible in this review to 
discuss the problem of envenomation by the exotic snakes. The reader is 
referred elsewhere for a thorough discussion of their bites (3—5). Should the 
physician be called upon to treat such a case, he should contact the local 
zoo or the Oklahoma City Poison Information Center (303-629-1123), 
which, in cooperation with the Oklahoma City Zoo and the American 
Society of Zoological Parks, maintains an Antivenin Index listing the loca- 
tion of all foreign antivenins, specialists in snake venom poisoning, and 
related information. Because of federal regulations regarding the use of 
foreign-prepared antivenins, it is wise to contact a local public health officer 
before administering these antisera. 


SYMPTOMS AND SIGNS 


Pit Viper Envenomation 


The more common symptoms and signs of rattlesnake bite are shown in 
Table 2. Bites by the rattlesnakes, cottonmouths, and copperheads cause 
some immediate swelling and edema, and varying degrees of local pain. 
Contrary to popular opinion, severe pain is not a constant finding, and pain 
may even be absent following poisoning by some species. However, severe 
pain may be associated with increased swelling and edema. When there is 
an envenomation, some swelling is usually observed within ten minutes 
following the bite. It is most unusual if its onset is delayed more than 20 
minutes. By the time the patient arrives at the doctor’s office, which in most 
cases in the US varies between 15 and 60 m-nutes, a diagnosis of rattlesnake 
bite, with or without envenomation, can usually be made on the basis of 
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fang marks, the presence or absence of edema and pain, and, an important 
consequence of bites by some species, perioral tingling or numbness with 
a metallic, minty, or rubbery taste in the mouth. Fine muscle fasciculations 
may also be present following some rattlesnake venom poisonings. 

In moderate or severe envenomations, the edema progresses rapidly and 
may involve the entire extremity within a few hours. There may be lym- 
phangitis, and regional lymph nodes are often enlarged and tender. Weak- 
ness, syncope, sweating, and nausea may be present. If the envenomation 
is more severe, there may be paresthesia over the scalp and at the finger and 
toe tips, particularly following bites by the eastern diamondback, timber, 
and Pacific rattlesnakes. Vomiting may occur; the pulse may be rapid and 
weak; blood pressure is usually below normal; and, in severe poisonings, 
shock may develop early. Respiratory distress may be present, particularly 
following bites by the Mojave and eastern diamondback rattlesnakes. Mus- 
cle fasciculations, spasms, and weakness are not uncommon; true paralysis 
may occur in rare cases. The patient may complain of headache, blurred 
vision, and marked thirst. 

Ecchymosis is a constant finding in almost every untreated case of moder- 
ate or severe rattlesnake venom poisoning and often appears. over the in- 
jured part within six hours of the bite. It is most severe following bites by 
the eastern and western diamondbacks, and the prairie and Pacific rattle- 
snakes, and least severe following copperhead and Mojave rattlesnake 
bites. The skin may appear tense and discolored, and, in untreated or 
undertreated bites, vesicles often appear within the first eight hours, particu- 
larly in the area of the bite. These vesicles may become filled with blood. 
In general, these changes tend to be relatively superficial in untreated and 
undertreated cases. There may be bleeding phenomena, as reflected in hem- 
orrhage from the gums, hematemesis, melena, and hematuria. Bleeding and 
clotting times are prolonged and platelet counts may fall sharply in moder- 
ate or severe envenomations. In most cases, there is hemoconcentration 
early in the course of the poisoning, and in moderate or severe cases a rapid 
fall in hematocrit and hemolysis may subsequently occur. 


Coral Snake Envenomation 


The bite is usually associated with some pain, although it may be minor and 
transitory in nature. Swelling is either absent or very minor. Paresthesia is 
sometimes noted around the bitten area, and some weakness of the part may 
become evident within several hours of the poisoning. The patient may 
complain of drowsiness, apprehension, and weakness. Muscular incoordi- 
nation may develop, and muscle fasciculations and tremor of the tongue 
may be seen. Increased salivation and difficulties in swallowing and phona- 
tion, as well as visual disturbances, respiratory distress and failure, a bulbar 
type of paralysis, convulsions, and shock may develop. 
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Table 2 Frequency of symptoms or signs of rattlesnake venom poisoning® 


Fang marks 100 Tingling or numbness of 

Swelling and edema 74 affected part 57 

Pain 65 Necrosis 27 

Ecchymosis 51 Respiratory rate changes 40 

Vesiculations 40 Decreased hemoglobin 37 

Changes in pulse rate 60 Abnormal electrocardiogram 26 

Weakness 70 Cyanosis 16 

Sweating and/or chill 43 Hematemesis, hematuria, 

Numbness or tingling of or melena 15 
tongue and mouth, or Glycosuria 20 
scalp or feet 63 Froteinuria 16 

Faintness or dizziness $7 Unconsciousness 12 

Nausea, vomiting, or both 42 Thirst 34 

Blood pressure changes 54 Increased salivation 20 

Change in body temperature 42 Swollen eyelids 7 

Swelling regional lymph Retinal hemorrhage 5 
nodes 40 Blurring of vision 12 

Fasciculations 41 Convulsions 1 

Increased blood clotting Muscle contractions 6 

time 37 Increased blood platelets 4 

Sphering of red blood cells 18 Cecreased blood platelets 42 


a Total number of cases = 100 for all entries except “Increased blood platelets,” where 
total number of cases = 25. 


TREATMENT 
First Aid 


Far too much importance has been placed on the first aid treatment of pit 
viper and coral snake envenomation at the expense of definitive medical 
care. Other than (a) putting the victim at rest and keeping him warm, (b) 
giving him reassurance, (c) immobilizing the affected part in a functional 
position at heart level, (d) watching for any untoward reaction, and (e) 
transporting him to the nearest medical facility as quickly as possible, 
further first aid may be of questionable value. There is no danger in placing 
a constriction band, not a tourniquet, immediately proximal to the wound 
in any case of snakebite. It may help to retard lymphatic flow. If the patient 
is more than 20-30 minutes from medical care, and is seen within five 
minutes of the bite of a rattlesnake or cottonmouth, place a constriction 
band immediately proximal.to the wound and incise through each fang 
mark. Incisions should be no more than 1 cm in length and no deeper than 
3 mm. Apply suction directly over both incisions. This procedure is of no 
value if delayed more than 15 minutes fcllowing the bite. Suction should 
be carried out for 30 minutes to one hour. An attempt should be made to 
identify the snake but no time should be wasted in this act. After immobiliz- 
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ing the affected part, the victim should then proceed to the nearest medical 
facility or, if possible, be taken there at rest. Under no conditions should 
the injured part be placed in ice, the bite area excised, or surgical measures 
performed, unless a physician is present and deems such a procedure neces- 
sary. In cases of coral snake bite the injured part should be loosely immobil- 
ized and the patient rushed to the nearest medical! facility. 


Laboratory Tests 

On admission to the hospital, and in the presence of obvious findings of 
envenomation, the necessary laboratory tests should be done. The choice of 
tests will depend upon the kind of snake involved. In cases of rattlesnake 
envenomation, typing and cross-matching; bleeding, clotting and clot re- 
traction times; complete blood and platelet counts; and urinalysis should be 
done immediately. We frequently obtain red blood cell indices, sedimenta- 
tion rate, prothrombin time, arterial blood gas measurements, and determi- 
nations of sodium, potassium, and chloride. In severe poisonings, it is 
advisable to get an electrocardiogram. We obtain them on all patients 
moderately or severely envenomated. Serum protein levels, fibrinogen titer, 
partial thromboplastin time, and renal function tests are often useful. In 
severe envenomations by rattlesnakes, the hematocrit value, blood cell 
count, hemoglobin concentration, and platelet count should be obtained 
several times a day for the first few days, and all urine samples should be 
examined, particularly for red blood cells. In cases of coral snake bite, 
emphasis on the blood screens is not necessary (6). 


Medical Management 


ANTIVENIN On admission to the medical facility, if envenomation has 
occurred and the use of antivenin seems warranted, a skin test for sensitivity 
to horse serum should be performed, following the instructions in the 
accompanying antivenin brochure. For crotalid bites, the amount of An- 
tivenin [Crotalidae] Polyvalent to be given will depend on many factors, 
most important being the severity of the symptoms and signs and their 
progression. I do not advise the use of antivenin for very minor envenoma- 
tions. When at 30 to 60 minutes the swelling is confined to the area of the 
bite, there are no paresthesias, fasciculations, or ecchymosis, and no symp- 
toms other than very minor pain, and if laboratory findings are normal, it 
is not necessary to give antivenin. However, such patients should be ob- 
served for four hours. The wound area should be cleansed and the affected 
part immobilized at heart level. We have done this in more than 40 patients 
without subsequent troubling reactions or complications, except for minor 
wound infections in three cases. Following discharge, the patient should 
remain in bed at home and limit his.physical activities for at least another 
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24 hours. He should be advised to keep his hand, or foot, elevated for several 
days. It is also advisable to give the appropriate antitetanus agent. 

Antivenin is indicated in those patients who, within 30 to 60 minutes 
following the bite, show progressive swelling involving the injured area, 
who complain of paresthesia about the mouth or over the scalp or at the 
finger or toe tips, and who have any systemic symptoms or signs of poison- 
ing. In such cases, the girth or circumference of the finger, hand, toe, or foot 
and two or more sites proximal, such as at the wrist and upper forearm, or 
ankle and thigh, should be measured. These measurements can be repeated 
every 15 minutes. They serve as an index of the progression of the poisoning, 
as well as a guide for antivenin administration. 

In minimal envenomations, three to five vials or units of antivenin, in- 
travenously, will usually suffice. The antivenin should be mixed with the 
dilutant in the vial in which it is supplied, and then put in 500 ml of 
intravenous fluid. In minimal envenomations, administer the first three to 
five vials within one hour and if swelling does not progress and paresthesias 
disappear (which does not always happen), start a second 500 ml of fluid 
with several additional vials of antivenin. This can be administered over the 
next several hours. If the swelling progresses at any time during this period, 
add several more vials of antivenin to the drip. In such cases, of course, the 
envenomation was probably a moderate rather than a minimal one. It is 
wise to piggy-back 1000 ml of 5% glucose in water and epinephrine on 
the same intravenous set-up, in the event of a serum reaction, although 
such reactions are very rare. Benadryl® should be kept at hand, for in an 
occasional patient the too rapid infusion of antivenin may cause a reac- 
tion. This usually responds to slowing the infusion rate and/or injecting 
Benadryl. 

In moderate envenomations, where the edema has invaded or encom- 
passed the hand or foot within 30 minutes of the bite and is progressing; 
and where there is mild cyanosis or ecchymosis of the area; and the patient 
complains of perioral paresthesia and tingling of the scalp, or finger or toe 
tips, feels nauseated or weak; and is hypotensive, or presents other systemic 
signs, six to ten vials of antivenin should be given in 500 ml of the i.v. drip 
during the first hour. If the manifestations worsen under this regimen, then 
the patient may have suffered a severe envenomation and require another 
5-20 vials of antivenin, or even more. In such cases, a high level of antivenin 
should be maintained during the first four hours following the bite. The 
amount of dilutant will need to be consistent with the electrolyte balance, 
renal function, and circulating blood volume. 

In severe poisonings, a minimum of ten vials of antivenin is necessary in 
the first i.v. drip. If the symptoms and signs are lessened, or their progres- 
sion is considerably slowed by this initial dose, prepare another five units 
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and give this over a two- to four-hour period. If the manifestations are not 
affected by the first ten-vial infusion, or only slightly so, give 5-10 additional 
units over the second hour. It may be necessary to give 20 or 30 vials of 
antivenin. Since some of the patients may be hypotensive or in shock, other 
measures beside the injection of antivenin will be needed. Shock may not 
respond to antivenin alone since the hypotension is caused by the loss of 
circulating fluid with decrease in blood volume, a condition that anti- 
venin cannot restore. In such cases, shock measures may need to be in- 
stituted. 

The route of Antivenin [Crotalidae] Polyvalent administration has been 
reviewed by the manufacturer. The effectiveness of intravenous antivenin 
was first demonstrated by our group and by McCullough & Gennaro at the 
1960 meeting of the Ad Hoc Committee on Snakebite Therapy, of the 
National Academy of Sciences. Since then the efficacy of the intravenous 
route has been demonstrated in both man and animals (7-9). It is the route 
of choice, since adequate blood levels are quickly obtained. In the severely 
envenomated patient, who is also likely to be in shock, intramuscular injec- 
tion of the antivenin will not give a sufficiently high titer of antibodies to 
be effective during the first six or eight hours. 

Antivenin should never be injected into a finger or toe. Some physicians 
inject one-third of one vial into the subcutaneous tissues in the area of the 
bite, when it is not on a finger or toe. It is not known how long after 
envenomation antivenin can be given and still be effective. Antivenin 
[Crotalidae] Polyvalent is most effective if given within four hours of the 
bite. It is of less value if delayed for eight hours, and of questionable value 
after 24 hours, although it appears to have been given after that time with 
a good response. Certainly, there is some clinical and experimental work to 
indicate that antivenin can be effective when administered beyond the 24- 
hour post-bite period. The antivenin neutralizes both the lethal and local 
tissue effects of the venom (3). 

In coral snake bites, if any symptoms or signs of envenomation develop 
during the first several hours following the bite, three vials of Antivenin 
(Micrurus fulvius) should be given intravenously. However, if a patient has 
definitely been bitten, and particularly if there is some initial pain, five vials 
of antivenin should be given as soon as possible after the bite. In times past 
there has been a tendency to wait until systemic manifestations developed 
before administering antivenin. Experience has shown that once symptoms 
and signs appear, it may not always be possible to prevent further action 
of the venom or reverse those changes that have already occurred. It seems 
wisest to begin antivenin treatment as soon as possible after the bite. No 
doubt this may be overtreating some or even most patients, but the alterna- 
tive is far less desirable. 
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INTRAVENOUS FLUIDS A decrease in circulating blood volume and per- 
fusion failure is a common finding in all severe and most moderate rattle- 
snake venom poisonings. There may also be lysis of red blood cells and loss 
of platelets, necessitating transfusions and parenteral fluids. In patients with 
hypovolemia, plasma or albumin may be used to restore circulating blood 
volume (3, 10). If there is evidence of a decrease in red blood cell mass, 
either from lysis of the cells or bleeding, racked blood cells or whole blood 
should be given. Where these complications are accompanied by defects in 
hemostasis, including coagulopathies, thea replacement with specific clot- 
ting factors, fresh whole blood, plasma, or platelet transfusions may be 
indicated. 


ANTIBIOTICS Most physicians give antbiotics routinely following snake 
bite. Certainly, where there is severe tissu= involvement a broad-spectrum 
antimicrobial agent should be given. In very minor or minimal envenoma- 
tions antibiotics may not be necessary, a:though osteomyelitis has devel- 
oped following at least one case of snak= venom poisoning in which an 
antibiotic was not used (3). 


ANTITETANUS AGENTS The appropriate antitetanus agent should al- 
ways be given. - 


ANALGESICS In most cases the severe pain associated with snakebite is 
related to the degree of swelling and edema. The initial pain produced by 
the venom is seldom marked, the one exception being bites by the eastern 
diamondback. In most cases, acetylsalicyate, acetaminophen, or codeine 
are sufficient to control pain. Meperidine aydrochloride may be necessary 
but this drug is likely to provoke more thar. the usual incidence of vomiting 
in patients with venom poisoning, which in the presence of a tendency 
toward gastrointestinal bleeding is undesireble. The use o a should 
be avoided. 


SEDATION Mild sedation is indicated ir. all moderate or severe poison- 
ings where respiratory depression is not a problem. Five milligrams of 
Valium,® morning and evening, is usually sufficient to keep the patient 
hypoactive. This can be supplemented for sleep. Do not give sedatives to 
patients envenomated by the Mojave rattlesnake or the coral snakes. 


ANTIHISTAMINES These are of no value in acute poisoning but are used 
by many physicians with the thought of sappressing or forestalling sensi- 
tivity reactions to the horse serum. Their use, however, is not contrain- 
dicated. 
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DIET After the first 24 hours and in.the absences of nausea, vomiting, 
mouth or throat paresthesia, bleeding problems, or coagulation defects, the 
patient can be placed on a soft diet. During the first 24 hours the patient’s 
diet should be restricted to liquids, unless the envenomation has ‘been a 
relatively minor one. 


RESPIRATORY FAILURE .At the first signs of respiratory depression, 
which is infrequently seen, oxygen should be initiated and preparations 
made for assisted or controlled respirations. Tracheal intubation may be 
necessary but tracheostomy should be avoided.. In any severely en- 
venomated patient who is hypotensive, respiratory assistance will be of 
value, while oxygen may be.unnecessary. _ 


RENAL FAILURE The routine measures for the treatment of acute renal 
failure should be instituted if this finding develops. Renal dialysis is of value 
in the presence of uremia. It is of questionable value in removing crotalid 
venom components, since some of the more biologically active fractions 
have a relatively high molecular vegar. Peritoneal dialysis has not proven 
useful in my expericace 


EXCHANGE TRANSFUSIONS These are of value in cases when there are 
serious coagulation and bleeding deficits. 


STEROIDS Most experimental studies show that steroids have no place in 
the acute phase of snake venom poisoning (11, 12). They may even be 
contraindicated, in light-of the number of deaths occurring in cases where 
they have been employed. In the only controlled clinical study on their use, 
Reid et al concluded that, “Prednisone seems to benefit neither systemic nor 
local poisoning” (13). Visser & Chapman (4), in their excellent text, Snakes 
and Snakebite, state:.“There is so much evidence of grave irene from the 
use of steroids, that they must be avoided in snakebite treatment . . . their 
only place i i$ in the control of antivenom hypersensitivity and serum reac- 
tions.” 


HEPARIN The use of heparin has been suggested for almost every kind 
of snake venom poisoning. Both experimental and clinical evidence would 
seem to indicate its uselessness and even danger. 


FASCIOTOMY This is practiced by some physicians in the US but has few 
advocates abroad (3). Our group has not had to resort to this measure in 
the more than 650 cases‘of snake venom poisoning we have treated. The use 
of fasciotomies usually reflects an insufficient dosage of antivenin, or no 
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antivenin, during the first 12 hours following the bite. Its rationale has in 
no way been made clear. Experiments in dogs and observations in humans 
have shown that the incidence and degree of necrosis in edematous limbs, 
whether the edema be subcutaneous or In a muscle compartment, is not 
altered by fasciotomy (14). The use of thts measure in all cases of crotalid 
envenomation, as has been advocated (15), seems ill advised (16). In my 
opinion, fasciotomies are an unnecessary valueless, and expensive form of 
immediate therapy. In a hemorrhagic state they may be dangerous and they 
sometimes lead to unnecessary disfigurement. There may be some indica- 
tion for their use in a rare case but thei- routine use is unacceptable. 


SUPPORTIVE AND FOLLOW-UP CARE Any wound area should be 
cleansed and covered with a sterile dreszing, but it should not be tightly 
bandaged. The extremity should be imm=bilized in a splint and in a func- 
tional position. The injured part should be kept at heart level during the first 
24 hours. If indicated, daily cleansing of the wound with several 15-minute 
soaks in 1:20 Burow’s solution, and painting of the wounds with an aque- 
ous dye containing brilliant green 1:400, zentian violet 1:400, and acrifla- 
vin 1:1000 three to four times weekly iz beneficial. Several exposures of 
affected areas to a continuous oxygen flow, with the arm or leg in a plastic 
bag, are of value. Surgical debridement, :f necessary, should be done be- 
tween the third and sixth day. The patient should be examined for joint 
motion, muscle strength, sensation, and zirth measurements. Passive and 
then active physical therapy exercises should be initiated on the third or 
fourth post-bite day (17). Currently, most of our patients are discharged 
from the medical center on the second or third day following the bite, and 
the development of lesions requiring extensive care is rare. The time in 
hospital has been greatly reduced by the use of larger doses of antivenin 
than were employed a decade ago. 

There are a number of special conside=ations that may influence snake 
venom poisoning and its management not reviewed here. These include the 
problem and treatment of shock, skin testing and procedures to use in the 
event of a positive skin test, reactions to antivenins, treatment of patients 
sensitive to snake venom, immunodiagnosis, and the pathophysiology of 
snake venom poisoning. The interested reader will find reviews of these 
subjects elsewhere (3, 4). 
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EFFICACY AND SAFETY OF #7359 
ORAL HYPO GLYCEMIC AGENTS 


Holbrooke S. Seltzer, M.D. 


Veterans Administration Hospital and Department of Internal Medicine, 
The University of Texas Southwestern Medical School, Dallas, Texas 75235 


INTRODUCTION 


Since 1956 oral hypoglycemic agents have been widely used in the United 
States for the management of maturity-onset diabetes. All but one of them 
are sulfonylurea compounds, four of which are in clinical use and two 
others have undergone extensive clinical trials. All sulfonylureas have the 
same mode of hypoglycemic action, and maximal doses of each have approx- 
imately the same potency for lowering blood sugar. One other hypo- 
glycemic agent, the non-sulfonylurea phenformin, was also used extensively 
from 1956 until 1977, when it was banned by a federal ruling as an “immi- 
nent hazard” to health. The present discussion therefore deals almost en- 
tirely with sulfonylureas. 

The two main questions regarding the use of sulfonylureas are (a) do they 
work and (b) are they safe? The first question concerns their efficacy in 
controlling hyperglycemia during both short-term and long-term use. The 
second question concerns both the frequency of sulfonylurea-induced hypo- 
glycemia and their alleged cardiotoxicity. Discussion of the latter entails a 
review of the so-called UGDP controversy. 


CLINICAL PHARMACOLOGY OF SULFONYLUREAS 


Evaluation of the efficacy of sulfonylureas should be based upon their 
appropriate use in properly selected patients. 


Agents Available 

Table 1 shows the four “first generation” sulfonylureas (tolbutamide, chlor- 
propamide, acetohexamide, and tolazamide), which have been in clinical 
use from 1956 to 1966.(1); it also shows two. “second generation” agents 
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Table 1 Sulfonylureas used in the United States 


Generic name Trade name Daily dosage (mg) 


First generation 
Tolbutamide Orinase® 500-3000 
Chlorpropamide : Diabinese® 100-500 
Acetohexamide Dymelor® 250-1500 
Tolazamide Tolinase® 150-750 
Second generation 

* a a. ® 
Gly buride oe e 3.520 

icronase . 

Glipizide Glucotrol® 2.540 


(glyburide and glipizide), which have beer extensively evaluated in the US 
but have not been approved for general use. The dosage range for each drug 
is also given, from the usual starting dos to the maximal dose for each 
agent. Tolbutamide is the shortest acting azent (about 6 hours) and is given 
in divided doses. Chlorpropamide is the longest acting drug (about 36 
hours) and can be given as a single daly dosage. Acetohexamide and 
tolazamide are intermediate acting (about 12-18 hours) and are usually 
given in divided doses. The maximal dosages of all agents have about equal 
hypoglycemic potency.! | 


Mechanism of Action 


The principal mode of action of sulfonylureas is to “solubilize” the release 
of stored insulin in response to a rising blood sugar level(2). For this reason 
they are only effective in relatively mild maturity-onset diabetics who still 
have substantial, albeit subnormal, insulin secretory capacity. Conversely, 
they are not very efficacious in more severe maturity-onset diabetics whose 
very high fasting blood sugar levels before treatment reflect severe loss of 
insulinogenic reserve; and they are completely useless in typical juvenile- 
onset diabetics who have no residual insulin secretory capacity. 


Patients Most Likely to Respond 


Diabetic patients most likely to respond t diet plus sulfonylurea dicap 
are the typical maturity-onset patients, who comprise 80% of all diabetics. 
Thus, they are older than age 40, and 80% of them are obese. In addition, 
evidences of substantial remaining insulin secretory capacity are that fasting 
plasma glucose levels are only moderately elevated, i.e. not over 300 mg per 


‘Until banned by the Food and Drug:Administrat-on in 1977, phenformin was also widely 
used, either singly or combined with a sulfonylurea agent, in dosages up to 100 mg daily. 
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100 ml; that the patients has never been in diabetic ketoacidosis; and, if on 
insulin therapy, that he is not taking more than 25 units daily. None of these 
are hard and fast rules, and it is worthwhile trying an essentially stable 
adult-onset diabetic on diet plus a sulfonylurea before resorting to diet and 
insulin therapy. 


Diet as the Keystone of Therapy 


When diet plus sulfonylurea therapy is used to obtain maximal blood sugar 
control, it is important to realize that the oral agents are potent enough to 
supplement dietary control but not to replace it. Since most maturity-onset 
diabetics are obese, the cardinal first step in management is to enforce a 
weight reduction regimen, which usually means a 1500 calorie intake for 
an obese male and 1200 calories for an obese female. Weight loss alone will 
substantially reduce fasting and postprandial plasma glucose levels in most 
adult-onset diabetics, and sometimes actually lowers them into the normal 
range. When plasma glucose levels remain elevated despite weight loss, 
sulfonylureas are then added for additional blood sugar control. On the 
other hand, if sulfonylureas are prescribed without dietary control, or if the 
patients regains lost weight while on a sulfonylurea, these agents are ineffec- 
tive in controlling blood sugar levels. 


Criteria of Blood Sugar Control 


Most clinical studies in this. country have used the criteria of the Joslin 
Clinic (3, 4), which measures “true glucose” (Somogyi-Nelson method) on 
venous whole blood. For good control, at least 70% of fasting or 3-hour 
postprandial blood sugars should not exceed 110 mg per 100 ml; for fair 
control, corresponding blood values should not exceed 130 mg per 100 ml; 
and poor control means respective values above the fair contro] limits. It 
should be noted that the UGDP study (discussed below) used these Joslin 
Clinic criteria of blood sugar control (5). 


EFFICACY OF SULFONYLUREAS 


Sulfonylureas are effective when correctly used in properly selected pa- 
tients. Since their main action is to enhance the patient’s own insulin 
response to a rising blood sugar level, their efficacy clearly depends upon 
the adequacy of residual insulin secretory capacity. If the patient responds 
optimally to a combined diet and sulfonylurea program, and his blood sugar 
levels return to the normal range, as long as he stays on his diet and takes 


. 2Plasma or serum values are 15% higher than whole blood values. Thus, corresponding 
fasting plasma levels by the Joslin criteria would be: good control, up to 125 mg per 100 ml; 
fair control, up to 150 mg per 100 ml; poor control, above 150 mg per 100 ml. 
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the oral agent regularly his blood sugar should remain controlled indefi- 
nitely. In other words, the effect of a sulfonylurea does not “wear off’ with 
time, but continues to enhance insulin release as long as therapeutically 
effective levels of the drug are bathing the islets. 


“Primary Failures” 


Primary failures occur in maturity-onset diabetics when satisfactory blood 
sugar control is never achieved with diet plus maximal sulfonylurea 
therapy. In the early years of evaluating sulfonylureas in large series of 
adult-onset diabetics, when all degrees of hyperglycemic severity were being 
evaluated, the primary failure rates ranged from 16 to 36% (3, 4, 6). 
However, with better selection of patients as noted above, and especially 
with continued enforcement of dietary adherence, primary failure -rate 
should be no more than 10-15%. 


“Secondary Failures” 


In evaluating the efficacy of sulfonylureas, true secondary failures must be 
distinguished from apparent ones. In a true secondary failure, the patient 
initially achieves optimal plasma sugar control on a reduction or mainte- 
nance diet and a maintenance dosage of sulfonylurea. Then, despite adher- 
ence to that program, including continued weight reduction if still obese, 
the plasma sugar rises and the maximal dosage of a single oral agent no 
longer controls it. Such true’ secondary failures of course occur, since in 
some patients the diabetes worsens spontaneously as insulin secretory ca- 
pacity falls, but this is a relatively infrequent development in an originally 
responsive patient. 

However, most so-called secondary failures are actually failures to stay 
on the diet. This is easily detected by weighing the patient at every visit, 
and finding that a gain of only a pound or so is accompanied by a rising 
blood sugar level. If the patient continues to gain weight, or even fails to 
lose weight again, hyperglycemia persists as expected. One can prove that 
the secondary failure is not real by hospitalizing the patient, enforcing a low 
calorie diet, and watching him regain responsiveness to the diet plus sul- 
fonylurea program as he loses weight. 

In this regard, in a recent review of oral hypoglycemic agents Shen & 
Bressler (7) emphasized the high rate of secondary failures on long-term 
sulfonylurea therapy. They noted that the Joslin Clinic had reported 25% 
secondary failures in 430 patients treated with tolbutamide for 6-9 years; 
and that, after the first 2 years, failure occurred in about 25% of the patients 
annually (4). In addition, during a 1-9 year follow-up at Boston City 
Hospital of 280 clinic patients who initially responded to tolbutamide or 
chlorpropamide therapy, and who actually needed the drug for blood sugar 
control, Singer & Hurwitz (6) found secondary failures in 29% of the 
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tolbutamide patients and 26% of the chlorpropamide group. However, in 
neither of these long-term clinical studies was mention made of weight gain 
during the years of follow-up, as a probable contributing factor toward these 
secondary failures to maintain blood sugar control. 

For this very reason, in reporting his series of 545 patients on diet plus 
chlorpropamide therapy for up to 12 years, Haunz (8) stressed that the 
single most important factor in long-term success was close follow-up every 
1-2 months on an outpatient basis, with emphasis on continuous dietary 
control and lowest effective dosage of chlorpropamide. These were private 
patients followed personally by a meticulous clinician, in contrast to thou- 
sands of diabetics enrolled in large charity clinics and seen by a different 
staff physician at each visit during years of casual follow-up. Similar long- 
term good blood sugar control has been reported by other diabetologists 
working with private-patient populations (S. B. Beaser, C. R. Shuman, J. 
M. Moss, personal communications). In short, the type of patient care 
determines the difference between what can be done with diet plus sul- 
fonylurea agents, and what too often is actually done with them. 

The true effectiveness of sulfonylureas is also demonstrated by what 
happens when they are stopped in patients on maintenance therapy. 
Tsalikian et al (9) took 19 adult-onset diabetics off of oral agents; 12 of them 
had been on sulfonylurea alone and 7 others on sulfonylurea plus phenfor- 
min. These were ordinary clinic patients with the usual range from good 
to poor control on the cursory diet and oral agent program achievable in 
most large hospital clinics. On oral hypoglycemic therapy their mean fast- 
ing plasma sugar (FPS) was 227 mg per 100 ml, with a range of 95-555 mg 
per 100 ml; and average postprandial plasma sugar was 285 mg per 100 ml 
(range, 128-592 mg per 100 ml). Oral agents were then stopped abruptly, 
and circulating sugar levels were checked one week later and again three 
weeks later. Average fasting plasma glucose rose to 287 mg per 100 ml with 
a range of 143-678 mg per 100 ml and mean postprandial plasma sugar was 
391 mg per 100 ml (range 216-822 mg per 100 ml). Off treatment, 16 of 
the 19 patients became symptomatic with weight loss, polyuria, polydipsia, 
weakness, blurred vision, or vaginitis; three of them required hospitalization 
for acute management of severe hyperglycemia. Thus, in this study oral 
agents were demonstrably effective in lowering blood sugar in adult-onset 
diabetics. 


SAFETY OF SULFONYLUREAS 


Other than minor side effects like skin rash, gastric intolerance, or diarrhea, 
the safety of sulfonylureas involves three important considerations; (a) 
water intoxication, (b) hypoglycemic coma, and (c) the validity of the 
conclusions of the University Group Diabetes Program (UGDP). 
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Water Intoxication 


Symptomatic dilutional hyponatremia is a recognized complication of 
chlorpropamide therapy, but is not caused by the other sulfonylureas. 
Chlorpropamide causes water retention both by peripheral augmentation of 
the action of antidiuretic hormone and ty increasing the release of this 
hormone (10). In contrast, acetohexamide and tolazamide have mildly 
diuretic actions. Thus, to avoid the potential hazard of chlorpropamide as 
a cause of water retention in elderly diabetics with cardiovascular, hepatic, 
or renal disease, one of the other sulfonyfureas is preferable. 


Hypoglycemic Coma 


Severe refractory hypoglycemic coma Eas been produced by all sul- 
fonylureas now used in the United States. In 1972 the author reviewed 473 
cases of profound drug-induced hypoglycemic coma (11); and he recently 
updated a total of 778 cases reported throuzh 1976 (12). In both reports the 
most common cause of severe hypoglycemia was sulfonylureas (220 cases 
in 1972 and 465 cases in 1976). In the earLer report, 25 of the 220 patients 
died, and 9 others sustained irreversible brain damage. Chlorpropamide 
caused more than half of the sulfonylurea hypoglycemias (120 patients), 
and almost half of the deaths or serious sequelae (16 patients). By 1976, 59 
of the 465 reported cases of sulfonylurea- nduced hypoglycemia had died 
or sustained permanent complications. Chlorpropamide was again the chief 
offender, having caused 219 hypoglycemic zomas, including 26 deaths and/ 
or sequelae; and the number of cases caused by the new agent, glyburide, 
had jumped (in Europe) from 7 to 78 cases in only four years (12). 

Special clinical features of sulfonylurea-induced hypoglycemia are impor- 
tant to know. First of all, these agents should not be used in elderly patients 
who live alone or are poorly monitored in nursing homes; and they should 
also not be used in malnourished persons or those with hepatic or renal 
disease. Secondly, sulfonylurea hypoglycemia is extremely refractory to 
treatment. The patient must be kept on continuous 10% glucose infusion 
for days, even up to two weeks occasionally, until mounting hyperglycemia 
signals that the drug effect has worn off (11). Otherwise he relapses repeat- 
edly into hypoglycemic coma. Thirdly, ce-tain drugs potentiate the hypo- 
glycemic action of co-administered sulfonylureas. The three main drugs 
causing this are sulfisoxazole (Gantrisin®, given for urinary tract infec- 
tions; bishydroxycoumarin (Dicoumarol®) for anticoagulation; and phenyl- 
butazone (Butazolidin®) for arthritis (11). 


The University Group Diabetes Program Controversy 


The nine-year-long controversy over the findings and interpretations of the 
UGDP study, and over the proposed federal actions based upon them, is 
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best understood by considering separately the arguments first of the propo- 
nents of the UGDP study, and then of its opponents. 


THE PRO-UGDP SIDE The UGDP was a long-term (10 years) prospective 
clinical study whose purpose was to determine whether blood sugar control 
prevented or ameliorated the vascular complications of maturity-onset dia- 
betes (13). It was funded by the National Institutes of Health (NIH) and 
involved 12 university centers (clinics) and a coordinating center in Balti- 
more. The criteria for enrollment were diagnosis of diabetes within the 
previous year; estimated prognosis for life of at least five years; and diabetes 
of only moderate severity so that a patient’s status would presumably not 
be jeopardized if left untreated (i.e. on placebo) for ten years. About 200 
patients each were treated with placebo (PLBO), tolbutamide (TOLB), a 
standard dose of insulin (ISTD), a variable dose of insulin (IVAR), or 
phenformin (PHEN). Fixed dosages of TOLB, ISTD, and PHEN were 
used, and only IVAR was given as needed to control blood sugar levels. The 
first four treatment groups were started in the first seven clinics in January 
1961; and in August 1962 phenformin was added to the seventh clinic and 
the last five treatment centers. All 1027 patients were enrolled in all clinics 
by February 1966. 

By May 1968, it had become apparent that more total deaths and more 
cardiovascular (CV) deaths were occurring in the TOLB-treated patients. 
When subsequent statistical analysis confirmed that CV deaths in TOLB- 
treated patients were significantly greater than in PLBO-treated patients, 
TOLB administration was discontinued on October 7, 1969. The UGDP 
workers reported their findings on the 823 patients in the first four treat- 
ment groups (i.e. not PHEN) to the American Diabetes Association (ADA) 
in June 1970 (Table 2). The Food and Drug Administration (FDA) had 
already announced its support of the UGDP indictment of TOLB as a 
cardiotoxic agent. In October 1970 both the ADA and the American Medi- 
cal Association officially supported the UGDP findings; and the FDA 
proposed a labeling change in the package insert of all sulfonylurea agents, 
based solely upon the UGDP findings. The package insert warned clinicians 
about the potential cardiovascular toxicity of tolbutamide and all sul- 
fonylureas, and recommended restricting their use to patients who required 
more than dietary control alone but in whom insulin was “impractical or 
unacceptable.” In November 1970 the UGDP data on the tolbutamide 
findings were published (5). 

In January 1971, phenformin was also discontinued; subsequently a pre- 
liminary report (14) announced similarly excessive CV deaths in PHEN- 
treated patients (26 CV deaths in PHEN patients compared to 11 CV deaths 
in control patients). Thus, two entirely different oral hypoglycemic agents 
stood indicted as cardiotoxic agents. 
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Table 2 Cumulative deaths in UGDP treatment pitdps 


PLBO? TOLE PHEN ISTD IVAR 


Date (reference) (205)! (2043 (204) (210) (204) 
Cardiovascular deaths 

October 7, 1969 (5) 10 26 —< 13 154 
March 7, 1973 (16) 26 35 31 22 21 
December 31, 1974 (18) 29 = z= 27 29 
Total deaths 

October 7, 1969 (5) 21 30 = 20 214 
March 7, 1973 (16) 45 45 41 33 32 
December 31, 1974 (18) 54 = Š 48 49 


a Treatment groups: placebo, tolbutamide, phenfo~nin, standard insulin, variable insulin. 

bNumber of patients per treatment group. 

CNo information. 

dOriginally reported as 12 cardiovascular and 1E total deaths (5); corrected by FDA 
audit (19). 


In June 1972, the Biometric Committee was appointed by the NIH to 
review the UGDP data and interpretations. This distinguished panel care- 
fully scrutinized the original mortality findings of the 823 patients in the 
first four treatment groups, reviewed the statistical analyses of those data. 
and certified their validity. In their publisaed report (15), the one new 
finding was that the cardiovascular toxicity <f TOLB was only significantly 
excessive in women over 53 years of age. 

The complete report on PHEN-treated zatients appeared in February 
1975 (16). This paper contained total and cardiovascular mortality data in 
all five treatment groups, as of March 7, 1973 (Table 2). The new findings 
indicated that, between October 1969 and March 1973, deaths from all 
causes in the PLBO-treated groups had caught up with those in the TOLB 
patients (45 each); and that there had been 1€ CV deaths in the PLBO group 
compared to only 9 more in the TOLB patients. This report also disclosed 
that among PHEN-treated patients there Bad been three cases of lactic 
acidosis, one of which was fatal. 

In July 1977, the FDA virtually banned the continued clinical use of 
phenformin, citing it as an “imminent hazard” to health (17). This action 
was based on several reports of excessive =eaths from lactic acidosis in 
patients treated with phenformin, including the single such fatality in the 
UGDP report. However, the UGDP allegation of cardiotoxicity was not 
invoked as a reason for removing phenforn_n from use. 

Subsequently, in July 1978 the UGDP workers reported that even insulin 
therapy was ineffective in managing adult-onzet diabetes (18). Their statisti- 
cal analysis indicated that even in IVAR pac ents, in whom insulin dosage 
was presumably given as required to control blood sugar levels, cardiovas- 
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cular mortality was the same as in the PLBO group (29 CV deaths in each 
group). Thus, the overall conclusions of the entire UGDP study were that 
no treatment except dietary therapy is effective for blood sugar control in 
adult-onset diabetes. 

In December 1978 an audit committee appointed by the FDA confirmed 
the conclusions of the UGDP study on oral hypoglycemic drugs (19). Its 
specific mission.was to determine if the baseline and follow-up data submit- 
ted from the 12 study centers had been correctly logged into the computer 
in Baltimore. It found that, although “certain errors and discrepancies” did 
exist between the submitted and the recorded data, they were not of suff- 
cient magnitude to negate the overall significance of the UGDP conclusions. 


THE ANTI-UGDP SIDE In November 1970 about 40 (since grown to 250) 
vociferous opponents of the UGDP study, and the impending FDA action 
based upon its findings, formed the Committee for the Care of the Diabetic 
(CCD). It consisted of clinical and academic diabetologists and various 
consultants who believed that both the design and execution of the study 
were so seriously flawed that valid interpretations were impossible, and that 
a concerted effort should be made to prevent federal restrictions against the 
use of sulfonylureas. In September 1972 the author summarized more than 
40 criticisms of the UGDP study (20), all based on published UGDP data. 
Several of the main criticisms were: (a) Patient populations in the 12 
treatment centers were not homogeneous (i.e. different centers enrolled 
patients from charity clinics, mass screening programs, or private practice). 
Thus, patients differed greatly in baseline health status, especially regarding 
antecedent cardiovascular disease. (b) Baseline risk factors were also un- 
evenly distributed among the five treatment groups. In particular, 9 of 10 
risk factors occurred more often in the TOLB group than in the PLBO 
patients (21, 22). (c) The clinical prognosis of many patients was clearly less 
than the required five years. Forty-six percent of these adult-onset diabetics 
were 55 to 79 years old on admission, and 46% of them had known 
cardiovascular disease. (d) The use of fixed amounts of TOLB (1.5 g daily), 
PHEN (100 mg daily), and ISTD (10-16 units daily, based on body surface 
area) resulted in an unknown number of patients per group being over- 
treated or undertreated, in terms of blood sugar control, during years of 
follow-up. (e) Deaths were assigned to their original treatment groups, both 
in patients who died on a different treatment and in those who dropped out. 
Thus, two cardiovascular deaths attributed to the TOLB group occurred 
after 544 and 614 years of follow-up, in patients who had taken the drug 
for only 3 months and 21 months, respectively. (f) Just two centers con- 
tributed half of both the total deaths (15 of 30) and the CV deaths (13 of 
26) in TOLB-treated patients. Patients in these two clinics also had the 
highest number of baseline risk factors. 
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The most complete analyses of both the clinical and statistical fallacies 
of the UGDP study were published in a quartet of papers by Feinstein 
(23-26). In addition, the medicolegal ram fications of the UGDP contro- 
versy have been lucidly summarized by Kolata (27). 

Finally, three especially devastating analyses of the UGDP data were 
recently published by Kilo, Williamson, ard their associates (28-30). As a 
co-principal investigator at the St. Louis center of the UGDP study, Kilo 
was able to obtain almost complete compucer records of most of the study 
patients who had died. Their independent analysis yielded the following 
new information. (a) They confirmed in more detail the previous claim by 
others (21, 31) that it was the spuriously lor number of CV deaths in PLBO 
patients (only 10 deaths) during the “toibutamide phase” of the study 
(through December 1969) which establish2d the statistical significance of 
the 26 CV deaths in the TOLB group. (6) When patients who had dropped 
out or changed medication were excluded f-om analysis, virtually all of the 
excessive CV mortality in the TOLB grop occurred in patients whose 
fasting blood sugar (FBS) values chronicalzy exceeded 200 mg per 100 ml; 
i.e. who were in “poor control” by the UGDP’s own definition of the latter 
as FBS values above 130 mg per 100 ml (£). Conversely, CV mortality in 
TOLB patients with chronic FBS below 2CO0 mg per 100 ml was the same 
as in both insulin-treated groups. (c) When PLBO and IVAR patients with 
comparable baseline risk factors were matched, there were 12 CV deaths 
in the PLBO group compared to only 3 C7 deaths in the IVAR patients; 
this indicates that properly administered msulin therapy is indeed effica- 
cious in reducing CV mortality in relativey mild diabetics (28-30). Kilo 
and Williamson concluded that, when otier cardiovascular risk factors 
were eliminated, the UGDP data actually slowed beneficial effects of blood 
sugar control on prognosis for life in both the TOLB and the IVAR groups, 
compared to the PLBO controls. 


CURRENT STATUS In November 1978 tre FDA issued its “final recom- 
mendation” that the long debated labeling change regarding inclusion of the 
possible cardiotoxicity of sulfonylureas be pat into effect (32). The directive 
specifically stated that, although the FDA. audit of the UGDP data had 
uncovered various discrepancies between deta recorded in computer print- 
outs and the published data, the latter were mot serious enough to invalidate 
the significance of the excessive cardiovascular deaths in TOLB versus 
PLBO patients in October 1969. This edit led the American Diabetes 
Association to reconsider its former support of the UGDP findings. A 
committee of the ADA reviewed all the pros and cons of the UGDP 
controversy, and in January 1979 officially recommended that the FDA 
withhold any decision regarding the continced use of sulfonylureas until it 
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carefully considers all of the UGDP data, both before and after October 
1969; and that select committees from both the FDA and ADA be assigned 
to resolve the UGDP controversy once and for all (33). The latter cooper- 
ative effort is now under way. 


SUMMARY 


(a) Properly used, sulfonylureas are both indefinitely effective and entirely 
safe. (b) Diet is the keystone of treatment—especially now that combined 
sulfonylurea and phenformin cannot be used. (c) True “secondary failures” 
are rare. (d) The only real risk from sulfonylureas is drug-induced hypo- 
glycemia, which is especially prevalent with chlorpropamide. (e) The con- 
clusions of the UGDP study are becoming increasingly untenable. 
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INTRODUCTION 


Idiopathic membranoproliferative glomerulonephritis (MPGN) is one iden- 
tifiable form of chronic nephritis characterized by distinctive glomerular 
morphology. However, it is not known whether MPGN is a single patho- 
genetic entity. It was originally recognized as one type of chronic 
glomerulonephritis with persistent hypocomplementemia by West et al (1) 
and Gotoff et al (2). Subsequently it became apparent that hypocomplemen- 
temia, though common, was not invariably present in every patient. 

Although similar in their clinical manifestations, two main types of 
MPGN have been recognized based upon differences in ultrastructural 
morphology: type I MPGN with subendothelial deposits and type I 
MPGN (dense deposit disease) with unique intramembranous dense depos- 
its. A third type of MPGN characterized by the presence of subépithelial 
and subendothelial deposits has also been described (3, 4). This review 
discusses types I and II MPGN. 


PATHOLOGY 


The characteristic renal histology of types I and II MPGN has been previ- 
ously described in detail (1, 5-11). 


Type I MPGN 


Light microscopy reveals diffuse enlargement of glomerular tufts often with 
lobulation (Figure la). Mesangial cellularity and matrix are increased. 
Glomerular capillary walls look thickened because of the interposition of 
mesangial matrix between glomerular basement membrane (GBM) and 


273 
0066-4219/80/0401-0273501.00 


274 KIM & MICHAEL 


endothelium. On periodic acid-Schiff or silver staining, however, the GBM 
is of normal thickness. The normal GBM together with the interposed 
mesangial matrix gives appearance of split-ing of glomerular capillary walls 
(double contour). Neutrophils may be seen in increased number in 
glomeruli. Epithelial crescents may also be present, and are usually indica- 
tive of a poor prognosis. Changes in tubules and interstitium are not re- 
markable. Electron microscopy shows an Increase in mesangial cellularity 
and matrix, swelling of mesangial cells, and interposition of mesangial 
matrix (Figure 1c). The GBM is of normal thickness, and fine granular 
electron dense deposits are present along the subendothelial side of the 
GBM, and within mesangium. Hump-like subepithelial deposits may occa- 
sionally be present. Immunofluorescence mucroscopy reveals granular depo- 
sition of C3 and properdin in the mesanzium, and along the peripheral 
GBM in all patients (Figure 1b, Table _). Immunoglobulins and other 
complement components are also found in this location, but in lesser fre- 
quency and intensity. 


Type II MPGN 


Light microscopy reveals diffuse hypertrophy of glomerular tufts, and in- 
crease in mesangial cellularity and matrix frequently to a lesser degree than 
seen in type I (Figure 1d). Neutrophils caa also be seen in glomeruli, and 
epithelial crescents are more frequently present than in type I MPGN. 
There is marked irregular ribbon-like thickening of glomerular capillary 
wall due to the presence of dense deposit material (DDM). These dense 
deposits are refractile when stained with hematoxylin-eosin, and are stained 
intensely with periodic acid-Schiff; dense deposits also may be present in 
Bowman’s capsule, tubular basement memtrane, and mesangium. Electron 
microscopy reveals homogeneous and stroagly electron-dense material in 
the same distribution as seen by light microscopy (Figure 1/). In addition, 
subepithelial deposits (humps) are frequenfly observed; subendothelial de- 
posits are scanty or absent. By immunofluorescence, a specific finding in all 
patients with type II, but not type I MPGN, is the presence of C3 along 
the margin, but not within the dense deposit material, giving a double linear 
appearance to the glomerular capillary (railroad tracks); C3 is also present 
within the mesangium outlining circular dease deposit material (mesangial 
rings) (Figure le, Table 1). These C3 railroad tracks and mesangial rings 
also contain properdin and C4, but never arry immunoglobulins. Therefore, 
by electron and immunofluorescence microscopy, the DDM in type II 
MPGN would appear to be different than the granular immune deposits 
observed in type I MPGN and other forms o7 glomerulonephritis. However, 
granular immune deposits of immunoprotems similar to those observed in 
type I MPGN may also be seen in type H disease but are quantitatively less. 
The nature of the dense deposit material is not yet known. 
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CLINICAL MANIFESTATIONS 
Type I MPGN 


The disease occurs in older children, usually over the age of 8 years, and 
adults but has previously been reported as early as 22 months of age (7, 10, 
12, 13). The onset of the disease may manifest in several ways (7, 10, 12, 





Figure Ja,6 (a) Light microscopy showing an enlarged glomerulus with increase in mesan- 
gial cellularity and matrix, and splitting of glomerular capillary walls (insert) in type I MPGN 
(H & E, X250). (b} Immunofluorescence microscopy; stained with fluorescein-conjugated 
anti-C3 showing granular deposition of C3 along the GBM and in the mesangium in type I 
MPGN (X610). 
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14-16): nephrotic syndrome, gross hematuria, or asymptomatic proteinuria 
and microscopic hematuria (Table 2). Unike type II MPGN, acute neph- 
ritic episodes (oliguria, edema, hematuria. hypertension, and renal insuffi- 
ciency) are rather uncommon (16). A hisiory of infections preceding the 
onset, especially those of upper respirator, tract can be obtained in a third 
of the patients. Although elevated streptococcal antibody titers may be seen 


Seas 





Figure Icd (c) Electron micrograph of a portien of glomerulus showing normal GBM 
(single arrow) with mesangial interposition (double arrows) in type I MPGN: L = capillary 
lumen, Ep = epithelial cell, End = endothelial! cell (X6000). (d) Light microscopy showing 
thickening of GBM due to the presence of dense deposit material in type IL MPGN. Note that 
the mesangial changes are less than those in type I MPGN (periodic acid-Schiff, X325). 
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occasionally, there is no evidence that this finding is more frequently seen 
than in the general population or that the disease itself is a consequence of 
a preceding infection. In some circumstances, however, poststreptococcal 
glomerulonephritis may be difficult to distinguish from MPGN on clinical 
and morphological grounds. At some time during the course of the disease, 





Figure lef (e) Immunofluorescence microscopy showing C3 railroad tracks (single arrow) 
and mesangial rings (double arrows) in type II MPGN. Granular deposits of C3 along the 
GBM can also be seen (triple arrows) (X670). (f) Electron micrograph showing DDM occupy- 
ing the GBM in type II MPGN. Note also the presence of DDM in mesangium (single ar- 
row): DDM = dense deposit material, L = capillary lumen, mm = mesangial matrix, M = 
mesangial cell nucleus (X6000). 
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Table 1 Immunohistologic changes in glomeruli in MPGN 


Type I l Type II 
Railroad tracks Railroad tracks 
Granular and/or Granular and/or 
deposit mesangial rings deposit mesangial rings 
igG 8/93 0/9 4/8 0/8 
IgM 7/9 0/9 8/8 0/8 
IgA 2/9 0/9 1/8 . 0/8 
Clq © 3/9 0/9 0/8 ~ 0/8 
C4 9/9 0/9 8/8 4/8 
C2 7/9 0/9 2/8 ~ 0/8 
C3 9/9 0/9 8/8 8/8 
Properdin 9/9 0/9 8/8 5/8 
Factor B 0/9 0/9 0/8 0/8 
Fibrin 8/9 0/9 5/8 0/8 
Albumin 0/9 © O/9 0/8 0/8 


a Denominator indicates the number of patients studied and numerator the number of 
patients with positive findings. i 


almost all patients develop hematuria (macroscopic or microscopic) and 
varying degrees of proteinuria with approximately 80% of patients demon- 
strating features of the nephrotic syndrome, which is usually mild. Hyper- 
tension is present at onset in approximately a third of the patients and is 
commonly observed as the disease progresses. 

In general, the clinical course of the cisease is quite variable (7, 12, 15, 
17, 18). While some patients maintain persistent nephrotic syndrome, oth- 
ers have intermittent nephrotic or nephritic episodes with abnormal urinary 
findings between the episodes. Occasionally, patients with an acute neph- 
ritic onset may become completely asymptomatic with normal renal func- 
tion and urinary findings (9, 18, 19). This so-called silent phase of the 
disease may -last for several years despite the persistent morphological ab- 
normalities of the kidney tissues. In general, the prognosis is worse in 
patients with nephrotic syndrome, persistent hypertension, or gross hema- 
turia (7, 12, 20, 21). In a follow-up study of 84 patients for a mean duration 
of 6 years, Habib et al (10) reported that 25% were either dead from renal 
insufficiency or were on chronic hemodialysis, 11% were in chronic renal 
failure, 29% had nephrotic syndrome, 33% had only proteinuria, and 5% 
appeared to be in spontaneous though transient remission. Repeat kidney 
biopsies in the latter group rarely showed significant morphological changes 
regardless of the interval. We have observed complete clinical remission in 
5 of 63 patients with type I MPGN (Y. Kim, A. F. Michael, unpublished 
observations). 
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Table 2 Comparison of typical type I and II MPGN? 


Finding : Type I Type II 

Clinical 

Acute nephritic episode uncommon common 

Nephrotic syndrome common common 

Hematuria common * common 

Hypertension common common 

Recurrence in transplanted kidneys | occasional usual 

Morphological 

Subendothelial deposit - present absent 

Intramembranous dense deposit absent present 

C3 mesangial rings and railroad tracks absent present 

Complement 

C3 ; normal or reduced 
reduced 

C1 and C4 reduced normal 

C3NeF absent present 


a Except for the morphological findings described, significant overlap between the two 
types may exist. 


Type IT MPGN 


Clinical manifestations in both types I and II MPGN are quite similar, 
making it extremely difficult to distinguish one from the other on clinical 
grounds alone (8, 10, 12, 13, 16, 22, 23). However, there are several differ- 
ences (Table 2) (10, 12, 16): (a) age of the onset tends to be younger in type 
II (usually between 8 and 25 years of-age) than in type I MPGN, (b) 
asymptomatic proteinuria and hematuria at the onset of the disease are not 
as common in type II as in type I MPGN, (c) persistent nephrotic syn- 
drome, macroscopic hematuria, and acute nephritic episodes are more com- 
mon in type II than in type I MPGN, and (d) prognosis is worse in type 
II than in type I MPGN because of the higher incidence of acute nephritic 
episodes and the more frequent presence of epithelial crescents in glomeruli. 
In a study of the actuarial survival (10), a 50% mortality occurred between 
the ninth and tenth year of the disease for type IL MPGN and between the 
seventeenth and eighteenth year for type I MPGN. 

Another interesting feature is the frequent association of type II MPGN 
with partial lipodystrophy (22, 24-26). Patients with partial lipodystrophy 
can be divided into three groups: (a) no complement abnormalities, (b) 
hypocomplementemia with high serum concentrations of C3 nephritic fac- 
tor (C3NeF), but without renal disease, and (c) hypocomplementemia and 
renal disease. The associated renal disease has always been type II MPGN 
except in two patients who had the type I variety (26, 27). 
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COMPLEMENT ABNORMALITIES 


The complement system may be divided into classical and alternative path- 
ways (Figure 2) (28). The classical pataway is composed of 11 serum 
proteins (C1-C9), and activated by immur.e complexes or aggregates of IgG 
and IgM. There are at least four serum proteins in the alternative pathway, 
which includes Factor B and properdin. “he alternative pathway bypasses 
the early components of the classical p=thway (C1, C4, C2), enters ‘the 
complement cascade at the level of C3 with subsequent activation of C5—C9, 
and is activated by IgA aggregates or polysaccharide such as zymosan and 
endotoxin. Activation of either pathway results in the breakdown of C3 into 
two fragments, C3a and C3b. 

In type I MPGN, levels of serum complement tend to fluctuate; it is not 
uncommon for a patient to have low coreplement values at one time, then 
later normal values, or vice versa. At diagnosis, decreased serum concentra- 
tion of C3 is found in approximately a trird to a half of the patients with 
type I MPGN (7, 11, 29, 30). However, serial determinations usually reveal 
hypocomplementemia sometime during the course of the disease in the 
majority of patients. In addition, serum ccncentrations of éarly components 
of the classical pathway (Clq, C4) and components of the alternative path- 
way (Factor B, properdin) are also freqcently decreased. 

In type II MPGN, serum concentraticn of C3 remains persistently low 
in almost all patients (7, 10, 11, 29, 30). Gccasional patients, however, may 
have fluctuation of C3 values or ever. remain normocomplementemic 
throughout the course of the disease. In contrast to type I MPGN, serum 
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Figure 2 Simplified schema of the classical and =lternative complement pathways. C3NeF 
is an autoantibody with specificity for C3bBb. | 
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concentrations of the early components of the classical pathway (Clq, C4) 
are usually normal, although the components of the alternative pathway 
(Factor B, properdin) are decreased. This profile suggests that complement 
activation in type I MPGN occurs through the classical and alternative 
pathways, whereas in type II MPGN it occurs primarily pales the alter- 
native pathway. 

Another abnormality of the complement system in patients with MPGN 
is the presence of C3 nephritic factor (C3NeF) (31, 32). C3NeF is an 
autoantibody of IgG class directed against the alternative pathway C3 
convertase (C3bBb), and activates the alternative pathway by stabilizing 
C3bBb (33-37). While C3NeF is present in high concentration in almost 
all patients with type II MPGN, it is found in lower concentrations in less 
than a third of the patients with type I MPGN (11, 29, 38, 39). The origin 
of C3NeF is unknown, but it is not derived from the kidney since it persists 
in circulation after bilateral nephrectomy (40). C3NeF itself is not nephrito- 
genic as evidenced by the absence of renal disease in some patients with 
partial lipodystrophy and hypocomplementemia (41). Further, an infant 
born to a mother with MPGN and high concentration of C3NeF in her 
serum was found to be hypocomplementemic during the newborn period as 
a result of placental transfer of maternal C3NeF, but did not develop any 
overt renal disease (42). 

The pathogenetic event leading to hypocomplementemia is also confus- 
ing. Metabolic studies utilizing radiolabeled C3 showed decreased synthetic 
rate of C3 in these patients (43-45). Furthermore, Colten et al demonstrated 
decreased synthesis of C3 in vitro by utilizing short-term culture of fresh 
liver biopsy material from patients with MPGN (46). On the other hand, 
evidence for in vivo complement activation has been deduced by the demon- 
stration of (a) C3NeF in the serum, (b) cryoglobulins and circulating 
immune complexes in both types of MPGN (47, 48), and (c) circulating 
complement breakdown products in plasma (44, 49-51). The data are con- 
sistent with the view that hypocomplementemia reflects both increased 
catabolism and decreased synthesis as shown by Charlesworth et al (52). 
Despite the marked abnormalities of the complement system, there is no 
correlation between the serum levels of complement or C3NeF, and the 
clinical activity or progression of MPGN (9, 53-55). 


RECURRENCES IN TRANSPLANTED KIDNEYS 


The literature reports numerous recurrences of type I MPGN in trans- 
planted kidneys (18, 56-59). It is, however, extremely difficult to determine 
the true incidence of recurrence because of the similarities of clinical and 
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histological findings between type I MPGĦ and chronic graft rejection (57, 
60-63). The relatively high frequency (aparoximately 50%) of membrano- 
proliferative disease in transplanted kidnes reported by McLean et al (59) 
stands in contrast with the lower incidence in another report (approxi- 
mately 18%) (61). These differences may be related to variables of the 
patient population and the likely heterogeneity of the syndrome, differing 
criteria for the histological diagnosis of recarrent disease, and an inadequate 
appreciation of morphological changes the: occur in non-MPGN transplant 
population. In a study of glomerular morphology in transplanted kidneys, 
Mathew et al (60) noted that of nine patients with histological features 
compatible with type I MPGN, only two had type I MPGN as the original 
disease. This finding suggests that the <rue incidence of posttransplant 
recurrences for type I MPGN may be lower than generally thought. Fur- 
thermore, typical morphology of type I MPGN may occur in transplanted 
kidneys of patients who initially do not Bave type I disease in association 
with vesicoureteral reflux (64). A number of possibilities exist to explain 
these observations: the development or ac-ivation of infections in immuno- 
suppressed transplant patients, leading to glomerulonephritis independent 
of the initial disease; the occurrence of Lomograft rejection; and the lack 
of specificity of mesangial proliferation and capillary wall thickening as 
indicative of a single disease process. 

Another unsettled issue is whether pre- and posttransplant levels of 
serum complement have any significance in predicting the frequency of 
recurrence. While Berthoux et al (58) found an increased incidence of 
recurrence in patients with pre- and post-ransplant hypocomplementemia, 
McLean et al (59) found no differences. Although recurrence may be asso- 
ciated with proteinuria, nephrotic syndrome, hypertension, or renal insuffi- 
ciency, nephrectomy is infrequently indicated unless there is superimposed 
chronic graft rejection. In contrast to type I, type IT MPGN recurs almost 
invariably, and dense deposit material can be seen in transplanted kidney 
as early as two weeks after transplant (65-68). Since the histological 
changes of type II MPGN have never been associated with any other 
disease, including chronic graft rejection, it is easier to recognize recurrence 
in the transplanted kidneys. It is of interest that histological changes of 
these kidneys tend to be benign despite the presence of dense deposit mate- 
rial in the basement membrane and mesangium (67). Symptoms associated 
with recurrence are also frequently mild or even absent (66-68). In their 
review of the world literature, Cameron & Turner (65) found nephrotic 
syndrome in only 5 of 22 reported cases, which is in sharp contrast to 
frequency in patients prior to transplant. However, we have seen one patient 
who developed severe recurrence of diszase in two consecutively trans- 
planted kidneys, which necessitated nepLrectomy (Y. Kim, A. F. Michael, 
unpublished observation). Although reduction of C3NeF levels and in- 
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crease in serum complement are frequently observed after transplantation, 
probably as a result of steroid therapy (55), pre- and posttransplant comple- 
ment profiles have not been of value in predicting or recognizing recur- 
rences (66, 69). Since recurrences infrequently cause graft failure in patients 
with type I and II MPGN, patients should not be denied renal transplant 
on the grounds of recurrence of the original disease. 


PATHOGENESIS 


In type I MPGN, available evidence suggests an immune complex renal 
injury: (a) immunofluorescence findings of granular deposition of immuno- 
proteins in the kidney, (6) presence of cryoglobulins and Cigq-binding im- 
mune complexes in serum, and (c) occurrence of glomerulonephritis 
morphologically similar to type I MPGN in immune complex diseases such 
as systemic lupus erythematosus and chronic bacteremia (5, 7). In addition, 
Kuriyama was able to produce similar renal lesions experimentally in rab- 
bits by chronic injections of egg albumin (70). In this chronic serum sickness 
model, the rabbits that produced precipitating antibody of high avidity 
developed MPGN, while those with nonprecipitating antibody of low avid- 
ity developed membranous nephropathy. The clinical, morphological, and 
serological similarities between type I MPGN and glomerulonephritis asso- 
ciated with certain defined infections (e.g. shunt and hepatitis B nephritis) 
suggest a common pathogenesis resulting from chronic exposure to an 
infectious antigen, possibly viral. In this context, a number of different 
antigens might be responsible for the syndrome. 

Immune complexes also play a role in type II MPGN, as evidenced by 
the immunofluorescence findings of granular deposition of immunoproteins 
and the demonstration of cryoglobulins and immune complexes in sera of 
these patients. However, the nature of dense deposit material is far from 
clear. Galle & Mahieu (71) showed that the biochemical composition of the 
GBM containing DDM is similar to that of normal GBM, except for 
increased sialic acid and decreased cystine content. Based on this finding, 
they suggested that DDM may represent accumulation of biochemically 
modified glycoprotein of normal basement membrane. The recurrence of 
type II MPGN in the transplanted kidney is compelling evidence that a 
systemic factor plays a crucial role. It is equally possible that DDM results 
from the accumulation of serum protein(s) or other materials in the native 
or denatured state. However, antiserum against human serum proteins 
including immunoglobulins and complements do not react with DDM by 
immunofluorescence technique. In addition, we have not been able to dem- 
onstrate reactivity of DDM with antisera to GBM, collagen, or antiserum 
raised to GBM containing DDM (11; Y. Kim, J. I. Scheinman, A. F. 
Michael, unpublished observations). It has been shown recently that the 
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fluorescent dye thioflavin T stained DDM intensely (72). However, DDM 
failed to react with antisera against amyloid proteins (anti-SAA and anti- 
SAP), which suggests that the reactions >f thioflavin T with amyloid and 
DDM are different (Y. Kim, A. F. M:chael, unpublished observation). 
Immune complexes may be the initial patkogenetic events in both type I and 
II MPGN, and dense deposit transformation may be a consequence of a 
unique host response to this immunologic injury. On the other hand, DDM 
may represent a host protein that has lcst its antigenic determinants and 
is no longer recognizable by immunohissologic techniques. 


TREATMENT 


In most of the published studies, the results of treatment with corticosteroid 
and/or cytotoxic drugs such as cyclophcsphamide and azathioprine have 
been disappointing (7, 9, 12, 17). 

Kincaid-Smith (73) reported a favorable response to relatively long-term 
(up to 3 years) treatment with combined cyclophosphamide, dipyridamole, 
and anticoagulants in adults with types I and II MPGN. All of these 
patients had nephrotic syndrome, hypertension, and impaired renal func- 
tion; the combined regimen improved renal function, clinical course, his- 
tology, and survival rates. McAdams et al (74, 75) reported that long-term 
(over 3 years) treatment with alternate-day prednisone preserved renal 
function and improved glomerular morpkology in children with both types 
of MPGN. Interestingly, dense deposit material remained unchanged in 
type II MPGN despite clinical and general histological improvement, anal- 
ogous to the situation in most posttransplant recurrences. More recently, 
Donadio et al (76) reported stabilizatioc of renal function and improved 
histology in patients treated with platelet -nhibitor drugs (dipyridamole and 
aspirin). | 

Without well-controlled propsective szudies, it is impossible to evaluate 
the efficacy of any therapy in diseases such as MPGN, well known for its 
extremely variable clinical course. Unfortunately, such studies are not cur- 
rently available. 


CONCLUSION 


MPGN is one of the major causes of recognizable progressive glomerular 
annihilation and renal failure in man. Compelling evidence that this clini- 
cal-pathological syndrome represents a number of different entities and 
pathogenetic mechanisms is derived fron studies carried out in the last 
decade. The common morphologic abnormality in this syndrome includes 
glomerular capillary wall thickening associated with mesangial expansion 
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and cellular proliferation. Clinically, patients have varying degrees of hema- 
turia and proteinuria, usually associated with mild nephrotic syndrome and 
hypertension, as well as varying degrees of progressive renal insufficiency. 

Several morphologic types of MPGN have been identified. Type I is 
characterized by subendothelial deposits that contain immunoproteins— 
probably immune complex material. Type II has as its distinctive feature 
dense intramembranous and mesangial deposits of unknown antigenic com- 
position, but they are surrounded by C3. And type III, which is less fre- 
quent, is: characterized by the presence of subepithelial and subendothelial 
deposits ‘containing immunoproteins. Both complement pathways are ac- 
tivated in type I whereas the alternative pathway is predominantly involved 
in type II disease. Although type II MPGN is included within the spectrum 
of MPGN, the presence of the intramembranous dense deposit, which 
regularly recurs in the transplanted kidney, characterizes this amy as 
being uniquely different from other forms of MPGN. 

Although the pathogenesis of type I disease is unknown, the doo 
similarity to other forms of immune complex glomerulonephritis associated 
with certain infections suggests an infectious etiology. Currently, no specific 
therapy has been shown to alter definitively the. natural history of this 
syndrome. 
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PATHOLOGICAL CHANGES IN +7361 
AORTOCORONARY BYPASS GRAFTS 


Grover M. Hutchins, M.D. 


The Department of Pathology, The Johns Hopkins Medical Institutións, 
Baltimore, Maryland 21205 


INTRODUCTION 


The development of coronary artery bypass techniques (1-4) promised a 
direct solution to the problem of ischemic heart disease. It soon became 
apparent that the procedure provided relief or improvement of angina 
pectoris in 80-90% of patients (5-7). However, even now there is no clear 
evidence that patient survival (8,.9), ventricular function (10, 11), or control 
of arrhythmias (12, 13) is improved by the surgical procedure over results 
obtained by medical management. Further, there is even uncertainty that 
long-term relief of angina is sustained in operated patients. The means by 
' which aortocoronary grafting provides relief of angina is puzzling because 
there is no evidence for similar frequencies of improvement in other aspects 
of ischemic heart disease. Several mechanisms have been suggested to ac- 
count for the alleviation of pain, including increased blood flow, infarction 
of ischemic myocardium, and injury to cardiac nerves (14-17). 

Studying the detailed morphological information from autopsied patients 
with coronary artery bypass grafts may improve our understanding of the 
procedure. Despite the many operations performed and the wealth of clini- 
cal follow-up data, there are relatively few reports of pathological changes 
in these patients, especially in long-term survivors. The complexity of the 
underlying coronary artery and myocardial disease and the difficulty of 
interpreting changes introduced by surgery have perhaps contributed to the 
paucity of pathological studies. Further, because the procedure carries a low 
operative mortality, the majority of patients do not die in the institution 
where the surgery was performed. This chapter discusses in relation to other 
studies the observations made on a series of patients with coronary artery 
bypass grafts autopsied at The Johns Hopkins Hospital. These patients’ 
hearts were studied after postmortem arteriography. 
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AUTOPSY STUDY OF HEART 


Proper autopsy studies of patients with iscaemic heart disease are greatly 
facilitated by postmortem coronary arteriography. It is extremely difficult 
to adequately correlate coronary artery lesions and myocardial injuries 
without comparing radiographs with coronary arteries transected in situ 
and the topography of myocardial lesions with the coronary obstructions. 
Detailed histologic study may also be required to demonstrate the nature 
of the lesions in coronary arteries producing infarcts (18, 19). The interpre- 
tive problems are compounded if the patient has had cardiac surgery. 


Postmortem Arteriography and Morvhologic Examination 


We have found the following technique (20) to be very useful in the autopsy 
examination of the hearts of patients with bypass grafts. Coronary arteries 
and any bypass grafts are injected with a barium-pigment-gelatin mass (21) 
at 120-150 mm Hg pressure. The heart is then distended with formalin at 
20—40 cm H,O pressure in the chambers. After overnight fixation stereo- 
scopic radiographs (Figure 1) are made of the intact heart in at least two 
planes and of the transverse sections into which the heart is sliced. 

Each saphenous vein to coronary artery anastomosis is removed as a 
block and radiographed. The block is decalcified, processed routinely, and 
serially sectioned at 8-m intervals with every 15th section retained for 
histologic study. Sections of myocardium are taken for histology from the 
distribution of each graft, from any myocardial lesions noted, and from 
several random sites in the ventricular walls. The coronary arteries are 
transected at 2~3-mm intervals and portions of them, and of the grafts, are 
taken for histology as needed. Slides are routinely stained with hematoxylin 
and eosin and Verhoeff—van Gieson elastic. 

The serial sections of each anastomosis are examined for the points of 
maximum obstruction related to the proximal and distal ends of the arteri- 
otomy. The luminal area at these points is measured by planimetry and 
compared to the proximal or distal unoperated artery. Obstructions of 
either the proximal or distal arteriotomy site are considered significant if 
75% or more of the area of the artery lumen is compromised. 


Contraction Band Versus Coagulation Necrosis 

An important histologic distinction to be made on myocardial injury is 
between contraction band necrosis and coagulation necrosis (18). Since the 
pathogenesis of the two lesions is different, their separation is helpful in 
interpretation of the case. Contraction band necrosis, also known as myofi- 
brillar degeneration and hemorrhagic infarction, is characterized histologi- 
cally by dense irregular eosinophilic clumping of the sarcoplasm with 


AORTOCORONARY GRAFT PATHOLOGY 291 


er 
can 


y wee errr 
atts" ap t 


/ 
eg ” S 





Figure] Postmortem coronary arteriogram of the heart of a 56-year-old man who underwent 
triple aortocoronary artery saphenous vein bypass grafting. Cannulae are still in place in the 
grafts and the left main coronary artery. Without angiography it would be difficult to appreci- 
ate the relationship of the graft to the artery and any occlusive lesions. In the circumflex graft 
the coronary artery at the distal end of the anastomosis is occluded while the proximal end 
is widely patent. The left anterior descending anastomosis has significant obstruction at both 
ends. The right anastomosis has been placed across a branch-point and one branch is oceluded. 


intervening cleared areas. Grossly, areas of contraction band necrosis are 
congested or hemorrhagic as a result of vascular injury accompanying the 
muscle cell necrosis. Contraction band necrosis arises from reperfusion into 
myocardium that has been subjected to a period of no perfusion. In contrast, 
coagulation necrosis preserves the general cytologic features of the tissue, 
is usually pale grossly, and arises from fixed obstruction to blood flow. 


Patient Analysis 


Upon completion of the pathological studies the entire case is reviewed 
including clinical information, autopsy findings, and the results of radio- 
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graphic, gross, and histologic study of the coronary arteries, bypass grafts, 
and myocardium. The severity of overall and regional coronary artery 
disease is determined. from the radiograpls, gross examination, and his- 
tologic study. The type, extent, and age of myocardial injury is determined 
from gross and histologic examination. | 

So far we have studied 106 patients wita coronary artery bypass grafts 
at autopsy with the techniques described sbove. These patients ranged in 
age from 35 to 75 years and 75 were male; 28 died at operation, 60 within 
one month and 18 between 1 and 70 montks. There were 190 grafts placed 
in these patients including five internal nammary artery to left anterior 
descending coronary artery anastomoses. In the pathology of coronary 
artery bypass graft surgery it is useful to consider separately the graft itself, 
its connections, and the state of the myccardium in the distribution of 
grafted coronary arteries. 


THE VEIN GRAFT 


Clinical follow-up studies show that approx-mately 90% of grafts are patent 
in the operative period, but there is additioral graft attrition over the course 
of time so that approximately two thirds remain patent after several years 
(10, 22, 23). In our 106 patients studied at autopsy 68 of 69 (99%) grafts 
were patent in patients dying at operation, .14 of 125 (91%) in those dying 
up to 30 days post operation, and 20 of 3= (61%) in those dying between 
1 and 70 months. Histologic studies of gra*ts have identified two principal 
reactions, thrombosis and a concentric laminar deposition of intimal fibrous 
tissue (24—34). The frequency with which tnis intimal thickening, which is 
histologically the same as atherosclerosis. progresses to cause complete 
graft closure is uncertain. | 


Graft Thrombosis 


Pathologic study of grafts that are completely closed after surgery shows 
typical thrombosis with organization and recanalization of the thrombus 
appropriate to its age. In many instances hrombosis of the graft may be 
ascribed to occlusion of the vein to coronar~ artery anastomosis; and in this 
circumstance, the thrombus is simply propagated from the arteriotomy site. 
A few grafts show complete thrombosis with a widely patent anastomotic 
site (Figure 2). The reason for this phenomenon is not entirely clear but may 
relate to a tendency for such grafted arterzes to have less severe proximal 
obstructions or a reduced drainage bed the result of infarction (35). 
Either hemodynamic situation would reduce the gradient across the graft 
and increase its tendency to thrombose. 
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Figure 2 Comparison of occluded and patent aortocoronary saphenous vein bypass grafts. 
On the left is the postmortem radiograph of the base of the heart of a 70-year-old male who 
received a right coronary graft 412 years prior to death. The graft-coronary artery anastomosis 
(arrow) is into the distal right coronary artery. The graft is completely occluded but the right 
coronary artery and anastomosis site show no significant obstruction. On the right a 31⁄2- 
year-old graft into the left anterior descending coronary artery of a 68-year-old man is widely 
patent and smooth and uniform throughout. The artery proximal to the anastomosis site is 
totally occluded and the other coronary arteries have severe obstructions. These two cases 
illustrate the general tendency for grafts to close when flow through them is impeded, as by 
being placed into an artery with normal flow, and to remain patent when flow is favored, as 
with occlusion of the proximal artery and a large runoff through collateral vessels. 


Other more specific causes of graft occlusion have been demonstrated or 
suggested. Infection of the graft with subsequent thrombosis has been but 
rarely encountered considering the relative frequency of postoperative me- 
diastinitis (36, 37). Aneurysms of saphenous vein bypass grafts are rare. 
Diffuse dilatation in association with severe “atherosclerosis” of the grafts 
in two patients (38), and mycotic aneurysm of a vein graft (39), have been 
noted. Aneurysmal dilatation of the proximal portion of the graft with 
thrombotic occlusion of the vein beyond (40) may simply represent the 
result of a local injurious effect of organizing thrombus on the integrity of 
the vessel wall (41). 

Abnormal tension on vein grafts has been described in 6 of 41 grafts 
examined in one series (42). This assessment was made in specimens not 
studied after postmortem arteriography and fixation in distention. We have 
not encountered this problem in our series of hearts where the vein grafts 
when injected are found to distend readily even though appearing flattened 
on initial examination. Indeed, the opposite problem, an excess of graft, 
appears to be a more frequent source of trouble. Jump grafts have a ten- 
dency to kink or roll thereby producing focal obstruction at the point where 
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the graft is fixed by the side-to-side anastomosis (43). Fortunately, this 
complication is rare. 


Concentric Fibrous Plaque 


With patent grafts past the operative period a ubiquitous change is the 
thickening of the intima of the vein. This material consists.of fibrin and 
mesenchymal cells and connective tissue fib=rs. In some grafts implanted for 
long periods calcium deposits, lipid-contamming macrophages, and choles- 
terol crystals may be observed, i.e. changez typical of atherosclerosis. The 
origin of this concentric fibrous plaque is ¿he conversion into connective 
tissue of thin laminae of thrombus deposit=d on the vein intima (31). The 
layer of fibrin is found in most grafts ob=erved in the early hours after 
implantation. The material tends to be acc=ntuated over the venous valves 
and at the lines of anastomosis of the graft to the aorta and coronary artery. 

With passage of time the amount of conrective tissue elements increases. 
However, even in grafts in place for long periods it is frequently possible 
to demonstrate fibrin deposited on the luminal surface of the concentric 
fibrous plaque. This observation suggests that progression of the process 
could lead to reduction in lumen size and p=ssibly to late obliteration of the 
graft. It has been suggested that the intimal thickening represents “arteriali- 
zation,” a reaction to the increased pressu- to which the graft is exposed 
(25). However, in other situations in whica mural tension is increased as 
a result of hypertension or dilatation, the st=reotypic intimal or endocardial 
response is fibroelastosis (44-46). The morphology of fibroelastosis, whether 
in the heart or systemic and pulmonary ~essels, resembles the media of 
elastic arteries, having laminae of elastic tizsue separated by mesenchymal 
cells. This is not the appearance of the intinzal thickening seen in vein grafts, 
which usually has only a scanty complement of randomly arranged elastic 
fibers. 

The evolution of the intimal change in zhe vein graft is similar to the 
sequence of histologic changes found in atherosclerosis. Duguid pointed out 
that thin intimal fibrin deposits occurred frequently on atherosclerotic 
plaques and that plaques grow by incorporating this material (47). The 
resemblance of the intimal change in vein grafts to atherosclerosis has been 
noted in several studies (29, 31, 32, 34). In accasional late grafts the intimal 
process may cause focal narrowings with a histologic resemblance to an 
advanced atherosclerotic plaque. It is likeY that such focal accentuations 
of the intimal change occur where there are variations in regional hemody- 
namics such as points of tethering of the graft, where it changes course 
abruptly or is impinged on by adjacent structures (Figure 3). 

One major factor in determining the th:ckness to which fibrous plaque 
develops may be the downstream runoff, that is, the flow volume passing 


AORTOCORONARY GRAFT PATHOLOGY 295 





- Figure 3 ` Postmortem coronary arteriogram from a 49-year-old man who received saphenous 
vein grafts to the distal right and mid left anterior descending coronary arteries five months 
prior to death. The right graft is occluded although part of its mid portion is filled by channels 
of recanalization in the organized thrombus. The left graft has a small region of marked 
narrowing (arrow) in its proximal part. Histologically this proved to be a typical atheroma. 
The anastomosis shows a branch-point problem with a patent diagonal and occluded left 
anterior descending coronary artery continuation. Interpretation of such a complex vascular 
bed is greatly facilitated by postmortem angiograms. 


through the graft. Widely patent vein grafts with thin layers of fibrous 
plaque tend to occur where the anastomosis is patent and the proximal 
coronary artery occluded. This phenomenon may be clearly seen in occa- 
sional patients in whom the degree of occlusion of the coronary artery 
anastomosis varies (48). 

Thus, the vein graft itself tends to either thrombose early in the operative 
period or to remain patent but develop a concentric layer of intimal fibrous 
tissue derived from the deposition of thin laminae of thrombus. In some 
grafts this intimal “atherosclerosis” becomes focally accentuated and may 
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lead to graft occlusion. Both processes, the early occlusive thrombosis and 
the later progressive nonocclusive layerirg by thrombus appear to be en- 
hanced by any process that reduces graft flow. 


THE AORTA-VEIN GRAFT ANASTOMOSIS 


Abnormalities of the proximal anastomczis appear to be infrequent. We 
have noted one patient with severe focal ne-rowing of a vein graft by intimal 
plaque near the aortic anastomosis. Two grafts in separate patients have 
shown aneurysmal dilatation of the proximal centimeter of the graft in 
association with complete thrombosis of th2 remainder of the graft, changes 
similar to a reported case (40). One other patient in our series (39) died as 
a result of dehiscence of a proximal graft im a setting of severe mediastinitis 
and mycotic aneurysm of the vein graft. T=us, the proximal or aorta to vein 
graft anastomosis appears to be relative y immune to any specific local 
pathologic changes. 


THE VEIN GRAFT-CORONAEY ARTERY 
ANASTOMOSIS 


Pointed morphologic study of the distal enastomosis employing radiogra- 
phy and serial histologic sections has shown that compression, thrombosis, 
and dissection are the major mechanisms accounting for occlusion or sig- 
nificant obstruction of the anastomosis (45). Compression, which accounts 
for 40% of such abnormalities, occurs predominantly at the proximal and 
distal ends of the arteriotomy. The lumer may be reduced at these points 
through utilization of more of the arterial wall circumference for the anas- 
. tomosis than is compensated for by the inserted vein graft wall. The prob- 
lem is encountered more frequently in small arteries, since the suture bite 
necessarily uses a greater circumference o7 artery wall, and in anastomoses 
placed over atherosclerotic plaques. 

As noted above, formation of a layer o- thrombus on the intimal aspect 
of the graft and anastomosis is a normal amd expected process that smoothly 
lines the surgically created conduit. In about 40% of those grafts beyond 
the operative period, excessive thrombos= obstructs the grafted artery at 
the anastomosis. The least common mechamism, causing about 8% of artery 
obstructions at the anastomosis, is dissection. This occurs as a result of 
injury to the arterial media. In 12% of anastomoses the obstruction is 
secondary to both compression and thrombosis. Obstructions may occur 
independently at either end of the arterictomy site or both ends may be 
involved. 
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The same types of occlusive lesions have been noted in the side-to-side 
anastomoses of jump grafts as in the more common end-to-side anastomoses 
(43). We have noted also that anastomoses placed so that the arteriotomy 
extends into a branch artery are frequently obstructed in either the grafted 
or the nongrafted branch artery. When the arteriotomy was placed so as to 
end just proximal to the flow divider of the branch-point, occlusion was not 
observed. Apparently the tendency for arteries with small caliber or 
atheromata at the anastomosis site (ostial lesions are the usual reason for 
extending the arteriotomy into the branch) to develop obstruction accounts 
for this observation. 

Thus, the occlusions observed in the coronary arteries following bypass 
grafting (50) appear to be predominantly related to the technical aspects of 
creating the anastomosis. 


THE MYOCARDIUM IN THE GRAFT 
DISTRIBUTION 


Two explanations have been proposed to account for the relief of angina 
after bypass graft surgery: blood flow is increased to ischemic myocardium, 
or the pain-producing segment of myocardium is infarcted (16, 17). The 
unexpected observation that emerged from pathologic studies of myocar- 
dium in the distribution of grafted coronary arteries was that regional 
myocardial necrosis tended to occur when the graft was widely patent and 
that myocardium with obstructed revascularization tended to be spared. 

Those vein to coronary artery anastomoses that were placed across 
branch points clearly demonstrated the relationship between patency and 
myocardial injury (51). Five of six grafts with different degrees of occlusion 
in the two branch vessels showed a greater degree of necrosis with the more 
patent branch. The injured myocardium showed contraction band necrosis, 
the form of injury that occurs when myocardium is reperfused following a 
period of no perfusion. This histologic form of myocardial injury must be 
distinguished from coagulation necrosis, which is produced by fixed ob- 
structions to coronary blood flow. Clearly, observation of contraction band 
necrosis in the unobstructed branch vessel indicated the myocardium was 
sufficiently altered during the anoxic arrest of surgery to permit injury to 
develop when reperfusion was brisk. The surviving myocardium in the 
distribution of the obstructed branch obtained sufficient reflow to remain 
alive, probably via collaterals, but at such a rate as to permit the cells to 
recover from the changes occurring during the same period of nonperfusion. 
A similar phenomenon is seen in the stone heart syndrome where massive 
myocardial contraction band necrosis occurs in hearts with widely patent 
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coronary arteries (52). Rapid unimpeded reperfusion following the period 
of myocardial arrest to accomplish valv= replacement produces the con- 
traction band necrosis in these cases. 

Examination of the hearts of 58 pati=nts dying within one month of 
receiving bypass grafts (53) demonstrated that 22 (38%) had regional trans- 
mural necrosis in the distribution of grated coronary arteries. Of the re- 
gional necroses 18 were of the contraction. band or reperfusion type and 15 
of them occurred in the distribution of a patent graft to a coronary artery. 
There were four areas of coagulation, or rd-reflow, necrosis and all of these 
were in the distribution of occluded graft systems. This study showed that 
while regional transmural necrosis was frequent it occurred predominantly 
in association with graft patency and that while graft obstruction was 
frequent it seldom led to myocardial irury. The frequency of necrosis 
observed in these patients was similar to that detected in some clinical 
studies (16). Other pathologic studies ha-e also noted a high incidence of 
myocardial necrosis in patients dying after graft implantation (54, 55). 

The reports of myocardial injury following cardiac operation under car- 
diopulmonary bypass described above wzre mainly in patients where the 
myocardium was rendered hypothermic and then given anoxic arrest. More 
recently the use of potassium chloride so..1tion to arrest the heart prior to 
aortic cross-clamping appears to improve ventricular function and reduce 
the incidence of operatively related myocardial injury (56-58). In patients 
where cold potassium chloride solution e-rest was employed at operation 
and who later came to autopsy, the extert of contraction band necrosis in 
the distribution of grafted arteries is sigrzficantly reduced. 

Thus, the pathologic evidence suggests that the correlation between pa- 
tency of a graft system and the state of the myocardium in its distribution 
has paradoxical features in many patients. With many widely patent grafts 
the myocardium has undergone contracticn band, or reperfusion, necrosis. 
With most occluded grafts the myocardium has shown no morphologic 
effect, probably a tribute to the effective collateral flow in these patients. It 
is hoped that with recognition of these effects modified operative techniques 
will enhance myocardial preservation. 


SUMMARY 


Despite more than 10 years of experience with coronary artery bypass graft 
surgery, a number of basic pathophysiologic questions remain unanswered. 
Some, such as whether or not the procecure prolongs life, improves ven- 
tricular function, and reduces the incidexce of arrhythmias, must be an- 
swered through controlled prospective clinical trials. The sclution of other 
problems such as the pathophysiology of angina and the mechanism of its 
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relief by coronary artery surgery, the complications of cardiac surgery, and 
the long-term fate of grafts, grafted coronary artery systems, and the myo- 
cardium require data derived from detailed morphologic studies of autop- 
sied patients. 
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In the 1960s and early 1970s, studies on Fe- and *H-thymidine-labeled 
erythroid cells allowed insight into the physiology of erythropoietin and the 
kinetics of erythroblasts (1—3). However, little information was available on 
the progenitor cells of erythroblasts. In vitro assays for these precursors (4) 
have recently been developed, and we can now explore their kinetics and 
control mechanisms, thus partially unveiling the intimate phenomena un- 
derlying erythropoietic differentiation. This review focuses on these recent 
advances (cf 1-7). 


CLONOGENIC ASSAYS OF HEMOPOIETIC 
PRECURSORS 


In these semisolid culture assays a progenitor cell, triggered by a hemopoi- 
etic hormone, gives rise to a clonal colony, i.e. a cell progeny kept together 
in a network of agar, fibrin, or methylcellulose (4). The number of colonies 
depends upon both the number of progenitors and the hormonal activity. 
With these techniques we can identify the precursors of the various 
hemopoietic lineages (erythroid, myeloid, monocytic, eosinophilic, mega- 
karyocytic, B, and T lymphocytic) (4). They require, however, elevated 
concentrations of fetal calf serum (FCS), which modulates colony growth 
via obscure mechanisms, thus confusing both methodology and interpreta- 


‘Abbreviations used in this chapter are as follows: 
CFU-S: colony-forming unit, spleen. 
BFU-E: burst- -forming unit, erythroid. 
CFU-E: colony-forming unit, erythroid. 
CFU-GM: colony-forming unit, granulomonocytic. 
BPA: burst-promoting activity; also called burst-enhancing factor (BER). 
Ep: erythropoietin. 
CSF: colony-stimulating factor. 
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tion. Iscove (8) recently developed a clonogenic system almost totally de- 
void of FCS, which is effectively replaced >y its active constituents. Further 
limitations in these assays derive from the impurity of the routine prepara- 
tions of hemopoietic hormones (Ep and CSF), as well as the possibility of 
in vitro interactions between assayed precursors and other cell systems (see 
below). 


THE ERYTHROID PRECURSORS 


Pluripotent hemopoietic stem cells are capable of both self-renewal and 
differentiation to various precursors whica are “committed” to erythroid, 
myelomonocytic, megakaryocytic, or lyn-ahoid lineages (4—7). These pro- 
genitors in turn give rise to the respective differentiated cell series. 

The murine pluripotent element is assa,ed on the basis of its capacity to 
form mixed spleen colonies (CFU-S) in sablethally radiated mice (9). An 
in vitro clonogenic assay for murine CFU-S is being developed by Metealf 
& Johnson (10, 11). 

Two erythroid progenitors have been identified in mammals, the ery- 
throid burst- (BFU-E) and colony-forming (CFU-E) units, which give rise 
respectively to large “bursts”? or small co.onies after Ep addition (12). The 
clonal origin of CFU-E aggregates has seen demonstrated by G-6-PD 
isoenzyme patterns (13, see also the section on Clinical Aspects), that of 
bursts is indicated by linearity of log dose/response regression lines for both 
Ep and BPA (8, see below). 

Since erythroid bursts are largely composed of CFU-E colonies, BFU-E 
clearly represent early erythroid progenitors, which differentiate into late 
precursors, i.e. CFU-E. 

It is generally conceded that BFU-E are closely related to the CFU-S 
compartment. Thus, BFU-E and CFU-S are characterized by identical cell 
size and buoyant density (14), although tte BFU-E shows a more elevated 
cycling activity than the slowly proliferating CFU-S (15-17). BFU-E- 
CFU-E differentiation is characterized by = further increase of proliferative 
rate (16, 17), as well as of pool amplificatizn, cell size, and density (14, 16, 
17). Finally, CFU-E feed into the erythroElastic pool (4-7). In this regard, 
the kinetics of CFU-E and pro-erythroblasts partially overlap, which sug- 
gests a close relationship between these e=ments (18). 

Differentiation of erythroid precursors taus entails a gradual increase of 
their number, proliferative activity, cell size, and density. A further differen- 
tial marker is the progressive enhancemem of their Ep sensitivity (16, 17), 


?The term burst refers to the rapid growth of fese colonies after an initial period of 
quiescence or slow proliferation. 
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possibly reflecting an increase in the number of Ep receptors on the mem- 
branes of differentiating progenitors (see below). 

In both humans and mice, Eaves et al (17) identified a third erythroid 
precursor, the “mature” BFU-E, which is apparently intermediate between 
“primitive” BFU-E and CFU-E with respect to all the above parameters. 
It therefore seems evident that erythroid progenitors are characterized by 
a continuous spectrum of differentiation stages. 

A circulating BFU-E has been identified in murine blood (19), as well as 
in the null lymphocyte fraction of human blood (20). 


REGULATION OF ERYTHROPOIESIS 


Ep Control of Erythropoiesis 
The erythropoietic rate is largely or solely regulated by Ep (1-3), which has 
recently been purified (21). 

Ep specifically induces differentiation of the late erythroid precursors to 
the recognizable erythroid compartment (22). At the molecular level this 
effect is apparently mediated via (a) interaction of Ep with a putative 
membrane protein receptor (cf 23); (b) activation of a cytoplasmic factor 
transferring the hormonal message to the genome (23); (c) transcription of 
specific RNA molecules (24); and (d) protein specialization (synthesis of 
Hb, spectrin, membrane antigens, etc). 

Ep action on erythroid precursors is further discussed below. Ep induces 
an accelerated maturation of erythroblasts (25); in stress erythropoiesis, 
enhanced Ep activity causes skipping of terminal divisions (in the presence 
of a relatively fixed generation time) and therefore macrocytosis (25). 


Kinetics of Erythroid Precursors: Role of Ep 
and Burst-Promoting Activity 


The CFU-E compartment is amplified in the face of elevated Ep levels, but 
depleted by suppressed Ep activity in transfusion-induced polycythemia 
(16, 18). The size of this pool is thus directly correlated with Ep activity. 
The relative number of CFU-E in DNA synthesis is slightly but significantly 
diminished in transfused mice (16, 26). These observations indicate that the 
kinetics of the CFU-E pool are largely (but not exclusively, see below) 
controlled by Ep levels. 

In transfused mice, sharp depletion of the CFU-E pool (16, 18) and 
suppression of erythropoiesis (22) are surprisingly associated with a rela- 
tively elevated number of CFU-E in DNA synthesis (16, 26). The destiny 
of these proliferating CFU-E is uncertain. In this regard, Ep is required in 
vitro for CFU-E survival (8); marked decrease of Ep activity after transfu- 
sion may cause massive loss of actively proliferating CFU-E. 
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Starting from day 2-3 after erythroid stress or suppression, BFU-E cy- 
cling and pool size are in the normal range; the kinetics of these precursors 
is apparently insensitive to Ep levels (16). However, in the first 12-24 hr 
after erythroid perturbations, both the proliferative rate and hence the 
number of BFU-E are correlated directly with fluctuations of Ep activity 
(26, 27). Afterwards, both parameters return to nearly normal values (26, 
27), in agreement with previous studies (16). BFU-E kinetics is thus appar- 
ently modulated by Ep activity, but only early after erythroid perturbations. 
The early Ep sensitivity is followed by an “escape” phenomenon, whereby 
BFU-E cycling and pool size become insensitive to Ep and return to normal 
steady-state values. The homeostatic factor underlying this escape is possi- 
bly represented by BPA (27). 

Cultures of radiated murine marrow (14, 28) and medium conditioned 
by lectin-stimulated spleen cells (8, 10, 11] contain BPA, a non-Ep factor(s) 
promoting in vitro formation of erythraid bursts. Detection of BPA is 
rendered difficult by its presence in FCS, which is a standard constituent 
of culture medium. However, this difficulty may be circumvented by either 
employing FCS low in BPA or reducing FCS content in the medium (8). 
In these modified culture conditions, BPA allows survival of BFU-E in the 
absence of Ep and permits burst formation in the presence of Ep (8). 
Furthermore, BPA enhances BFU-E cycing in vitro (28a). In humans, a 
BPA-like factor is present in peripheral leskocyte-conditioned medium (17, 
29, 30) and a T-lymphocytes cell line (see below). 

Preliminary evidence suggests that BFA levels fluctuate in serum (28), 
thus possibly modulating in vivo the kinetics of BFU-E and CFU-E pools 
to respectively a major and minor extent. As previously indicated, transfu- 
sion in mice induces an early decline of EFU-E cycling and number, then 
both parameters return to normal; this rebound is perhaps mediated by 
elevation of BPA (27). Furthermore, transfused mice subjected to radiation 
or hydroxyurea treatment and then injected with normal marrow cells show 
a wave of Ep-independent erythroid regeneration, which is characterized by 
enhanced BFU-E cycling (16) and an amplified CFU-E pool (18, 28a). 
These phenomena may also be modulated by a rise of BPA. 


Biogenesis of Ep and BPA 


The kidney is the major site of adult Ep production (31). The Ep molecule 
is synthesized (32) and secreted by the reral tissue (33), possibly via activa- 
tion of a renal pro-Ep (34) [i.e. the renal erythropoietic factor, REF (35)]. 
The process may include an enzymatic ectivation step within the kidney 
(36). Ep production is apparently modulated by renal Po, (i.e. O, sup- 
ply/demand ratio), via a putative renal O, sensor and the PGE-cAMP 
system (37). Studies with fluoresceinated anti-Ep serum suggested that 
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Ep-producing cells reside in the glomerulus (38). Further progress in this 
complex area clearly depends upon development of new technology, e.g. a 
sensitive specific radioimmunoassay for Ep and monovalent anti-Ep sera. 
Renal tissue cultures, although disappointing in the past, may prove of 
crucial value in the future. 

In the mammalian fetus (and also the neonate rat), the liver is the major 
or sole source of Ep (39, 40). In the perinatal period renal Ep production 
begins (40). In the adult, liver Ep is masked by kidney Ep, i.e. the hepatic 
component becomes a minor aliquot of the total hormonal activity (41). 
Hepatic macrophages (Kupffer cells) are a source not only for CSF (42), but 
possibly also for Ep (43). Thus, their hyperplasia in anephric rats is asso- 
ciated with enhanced Ep response to hypoxia (41). Furthermore, subtotal 
liver excision is followed by elevation of hepatic Ep production (44, 45), 
which parallels macrophage regeneration (45). Neonatal Kupffer cells in- 
teract in vitro with fluoresceinated serum raised against partially purified 
Ep (46). In fetal liver erythropoiesis, these cells may therefore represent a 
local source of Ep. In adult marrow, macrophages are strategically located 
in the center of erythroblastic islands (47): although their function is un- 
known, they may play a key regulatory role, via BPA and PGE release, or 
even as a local source for Ep. 

The mononuclear fraction of human blood, when deprived of T lym- 
phocytes, sharply loses its capacity to form erythroid bursts (20). In this 
regard, T lymphocytes, and possibly macrophages release BPA, as indicated 
by presence of this factor in medium of cell lines of human T lymphocytes 
(48) and murine macrophages (WEHI-3 cells) (48a). Apparently, the T 
lymphocyte—-macrophage complex may play a major role in BPA produc- 
tion, besides its function as a source of CSF (49, 50). 


Competition Between Erythroid and Granulo-Monocytic 
Precursors: An Open Question 


In vivo, the rates of granulopoiesis and erythropoiesis are inversely related 
(51, 52), In vitro, Ep and CSF compete for cloning of BFU-E and granulo- 
monocytic precursors (CFU-GM) respectively, but only at high (53), not 
low (16), cell densities (respectively, > 10° or 10+ cells per plate). Since the 
concentration of cells within the bone marrow cavity was estimated to be 
1.8 X 10° per ml (54), high cell densities in vitro may be required to 
duplicate the in vivo conditions. 


Hemopoietic Differentiation and Its Control Mechanisms 

A spectrum of differentiating GM-progenitors has been demonstrated (55): 
these precursors are characterized by gradual increase of density and cell 
size, the early ones showing values respectively identical or similar to those 
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of CFU-S (14, 55). Two types of CSF have been purified, a granulo- 
monocytic CSF (55a) and a CSF that selectively stimulates monocytic 
growth (56). 

Primitive BFU-E colonies are not ccmposed exclusively of erythroid 
cells. A majority of them contain megaka-yocytes (14), which suggests that 
primitive BFU-E are dipotent for erythroid and megakaryocytic differentia- 
tion. Upon addition of elevated amounts e? BPA to murine cultures, a large 
proportion of bursts also contain granulocytes, i.e. constitute “mixed” colo- 
nies (28a). Similarly, human cultures stir-ulated sequentially by BPA and 
Ep show a significant number of “mixed” Eursts (56a). BPA per se promotes 
GM-colony growth, whereas purified GM-CSF, in the presence of Ep, 
exerts a BPA-like action (11). A crucial guestion concerns, therefore, the 
possible identity of BPA and GM-CSF, arid more generally the relationship 
between recently described factors acting on early hemopoietic precursors. 
In this regard, Wagemaker (28a) apparently separated from lectin- 
stimulated spleen-conditioned medium tk-ee distinct glycoprotein factors: 
(a) the first one enhances proliferation and differentiation of primitive 
BFU-E; (b) the second one promotes prciferation and differentiation of a 
primitive myeloid progenitor to progeny responding to GM-CSF; and (o) 
the third one induces proliferation of CFU-S. 

A further matter of uncertainty is represented by the possible action of 
Ep on early erythroid precursors. In vitrz, and in the presence of plateau 
amounts of BPA, Ep addition is not requ zed for BFU-E-CFU-E differen- 
tiation (8, 28a) (some Ep is present, how=ver, in the plated FCS; further- 
more, large amounts of BPA may c=use in vitro nonphysiological 
phenomena). On the other hand, Goldwesser (57) suggested that Ep acts 
at the level of pluripotent stem cell. In line with this concept, BFU-E 
number and cycling fluctuate in parallel with Ep activity early after ery- 
throid perturbations (26, 27). Macroscop:< erythroid bursts, grown in the 
presence of both Ep and BPA, contain TFU-S (approximately one per 
burst) (57a): BFU-E may therefore derive from self-replicating CFU-S 
interacting with BPA and Ep. 

In receptor terms, differentiation of ery-hroid precursors is possibly me- 
diated via a gradual increase of the number of Ep receptors thereon (leading 
to progression of erythroid commitment and Ep sensitivity), as well as 
disappearance of CSF receptors. An inverse phenomenon would mediate 
myeloid differentiation. 

In terms of regulating factors, it is gene-ally conceded that BPA modu- 
lates proliferation and differentiation of the primitive BFU-E, not only in 
vitro but also probably in vivo. It is still uncertain, however, whether or not 
Ep plays an additional regulatory role on early erythroid progenitors. At 
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the level of distal erythroid progenitors, the influence of BPA is progres- 
sively dampened, whereas that of Ep becomes gradually more pronounced. 
In this regard, the possibility exists that Ep operates as a survival factor of 
differentiating precursors. 

Further progress in this crucial area depends on purification of modulat- 
ing factors, elucidation of cell-cell interactions, and more particularly on in 
vivo studies, which should confirm and clarify the present concepts derived 
almost exclusively from in vitro experiments. 


Endocrine Influences on Erythropoiesis . 


In the presence of Ep, various hormones (androgens, GH, thyroid hor- 
mones, corticosteroids or their derivatives) enhance the in vitro growth of 
erythroid precursors (58-62). Thyroid hormones apparently act via a 
f-adrenergic receptor mechanism (60, 61). These agents also potentiate in 
vivo Ep production (63). Therefore, they apparently cooperate in the regu- 
lation of erythropoiesis, via modulation of both Ep levels and responsive- 
ness to Ep of its target cells. Opposite effects are induced by estrogens (C. 
Peschle et al, in preparation). 


The Hemopoietic Microenvironment: Role of PGE-cAMP 
Complex and BPA 


Physical interaction between hemopoietic cells, possibly via electrochemical 
or electrotonic influences at the level of cell membranes, has not yet been 
clearly documented. Thus, it is hypothesized that microenvironmental in- 
fluences on erythropoiesis are modulated via short-acting chemical media- 
tors. 

Kurland et al (64) postulated that CFU-C kinetics, and thus granulopoie- 
sis, may be regulated via macrophagic release of either stimulatory (CSF) 
or inhibitory (PGE) agents, respectively in the face of low or high macro- 
phage cellularity. Admittedly, PGE exerts its effect via its intracellular 
mediator, cAMP. A possible role for the PGE-cAMP complex in the regu- 
lation of erythropoiesis is under scrutiny. In vitro these agents inhibit 
cloning of murine BFU-E, and stimulate cloning of human BFU-E, (C. 
Peschle and G. .B. Rossi, in preparation). Their action on either CFU-E 
growth or heme synthesis is similarly species-dependent; a stimulatory 
effect has been observed in humans, sheep, and dogs (65, 66), an inhibi- 
tory action in rats and guinea pigs (66), and variable influences in mice 
(66, 67). 

Finally it must be emphasized that a major microenvironmental influence 
on erythropoiesis may be macrophage production of BPA and even perhaps 
of Ep (see the section on Biogenesis of Ep and BPA). 
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CLINICAL ASPECTS 


Polycythemia Vera - 


In two females with polycythemia vera. (PV), heterozygotes for G-6-PD 
isoenzymes, normal tissue displayed both B and A enzymes, whereas pe- 
ripheral erythrocytes, granulocytes, and platelets contained only the type 
A enzyme (68). Hence PV is apparently a clonal disease of the pluripotent 
stem cell. Clonal analysis of marrow erythroid precursors? in these patients 
showed that colonies growing in the absence of added Ep contained only 
the type A enzyme, i.e. derived from the abnormal clone (69). However, 
addition of Ep induced other erythroid =recursors to give rise to colonies 
containing both A and B enzymes, which suggests that these progenitors 
did not belong to the PV clone (69). The Ep dependence of erythropoiesis 
in PV is still uncertain. Ep activity, although markedly less in patients with 
high hematocrits (70), might still stimulate their erythropoietic rate in view 
of the apparently enhanced sensitivity tc Ep of PV erythroid progenitors 
(71). Cloning of PV erythroid precursor in Ep-free (serum-free) cultures 
is clearly necessary to fully elucidate thse aspects. 


Pure Red Cell Aplasia and Aplasiic Anemia 


Peripheral lymphocytes from congenite. pure red cell aplasia (PRCA) 
(Blackfan-Diamond syndrome), coincubated with normal marrow, inhibit 
CFU-E colony formation (72). This inhizitory phenomenon has also been 
observed in patients with aplastic anemia (73). In both studies, the patients 
were repeatedly transfused, thus renderizg possible, in some cases, a lym- 
phocytic sensitization by the transfused alloantigens. The inhibitory phe- 
nomenon has not been observed in other cases of congenital PRCA (74, 75) 
and untransfused aplastic anemia (76). Sxnilarly, the inhibition by aplastic 
anemia lymphocytes on normal CFU-C growth (77) has been observed only 
in a minority of untransfused cases (78) 

At the therapeutic level, administration of antilymphocyte globulin 
(ALG) and/or corticosteroids is benefic.al in some patients with aplastic 
anemia (79, 80). These observations suggzst that a T-lymphocyte-suppress- 
ing mechanism operates in some patients with aplastic anemia (80). In other 
cases, intrinsic defects of stem cells and/or hemopoietic precursors, or 
inhibitory microenvironmental influences, may represent the key pathogen- 
etic mechanism. 

In adult PRCA the serum IgG fractior. may often inhibit heme synthesis 
in cultures of both normal and autologous marrow (81, 82); thus the possi- 


3CFU-E and BFU-E colonies were not distinguished in these studies. 
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bility of a transfusion-induced IgG sensitization seems excluded. These 
patients usually show other immunological abnormalities (thymoma, SLE, 
myasthenia gravis, etc) (81, 82). Furthermore, immunosuppressive treat- 
ment (cyclophosphamide, azathioprine, use of ALG in resistant cases) or 
removal of the thymoma induce either a temporary'or a permanent 
remission (81, 82). Altogether the autoimmune genesis in some cases of this 
type of disease seems well documented. 

In the standard type of PRCA (Type I), the IgG inhibits the erythroid 
marrow, including the erythroblasts (81) and possibly CFU-E and BFU-E 
pools (82). The IgG may perhaps interact with the receptor for Ep. In a very 
rare variant of PRCA (Type ID, the IgG acted as an antibody neutralizing 
serum Ep activity, which was nearly absent in spite of low hematocrit values 
(83). In many cases (Type III), PRCA represents a pre-leukemic condition 
progressing to acute myeloid leukemia; an IgG inhibitor has not been 
clearly documented in these patients (82). Finally, the pathogenesis of 
PRCA associated with chronic lymphocytic leukemia or lymphoma is still 
unexplored. 
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Department of Endocrinology, Indiana University and Veterans Administration 
Medical Center, Indianapolis, Indiana 46202 


INTRODUCTION 


In 1938 Winkler & Crankshaw (1) described a group of patients who had 
hypochlioremia and excessive urinary excretion of chloride despite appar- 
ently normal kidneys and adrenal glands at autopsy. Subsequently other 
investigators reported patients with hyponatremia and urinary sodium 
wasting (2-5). In 1957, Schwartz et al (6) described similar findings in 
association with impaired urinary dilution in two patients with broncho- 
genic carcinoma. They concluded from indirect evidence that the syndrome 
was due to inappropriate secretion of the antidiuretic hormone, arginine 
vasopressin. It is now recognized that the syndrome of inappropriate anti- 
diuresis (SIAD) occurs in a great variety of malignant and nonmalignant 
diseases, most commonly those involving the central nervous system and 
lungs (Table 1) (7-51). 

The pathophysiology of this syndrome has been well delineated and 
reviewed elsewhere (7, 8). Briefly, Schwartz and Bartter originally deduced 
from earlier studies of the effect of exogenous antidiuretic hormone in 
normal humans (52) that the syndrome resulted from inappropriate secre- 
tion of antidiuretic hormone in the face of excessive water intake. This 
constellation of defects results in hyponatremia due to dilution and exces- 
sive urinary excretion of sodium caused by the water retention. Hence, the 
cardinal features of SIAD as defined by Bartter & Schwartz (7) are (a) 
hyponatremia with corresponding hypoosmolality of the plasma, (b) osmo- 
lality of the urine greater than that appropriate for concomitant plasma 
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Table 1 Disorders associated with SIADH 


1. Malignant tumors 3 Diseases of the lung 
A. Carcinoma of the lung’ A. Pneumonia 
B. Carcinoma of the duodenum B. Tuberculosis 
C. Carcinoma of the pancreas C. Cavitation 
D. Thymoma D. Empyema 
E. Mesothelioma E. Cystic fibrosis 
F. Carcinoma of the bladder F. Pneumothorax 
G. Carcinoma of the ureter G. Asthma 
H. Prostatic carcinoma H. Positive pressure breathing 
I. Lym 
J. poets Pine tues : 
A. Vasopressin 
2. Disorders of the central nervous B. Oxytocin 
system C. Vincristine, Vinblastine 
A. Meningitis D. Chlorpropamide 
B. Head trauma E. Thiazide diuretics 
C. Brain abscess F. Phenothiazines 
D. Brain tumors G. Monoamine oxidose inhibitors 
E. Encephalitis H. Carbamazepine 
F. Guillain-Barré syndrome I. Clofibrate 
G. Acute intermittent porphyria J. Nicotine 
H. Subarachnoid hemorrhage S- Mente psycho 
I. Cerebellar and cerebral atrophy : 
J. Cavernous sinus thrombosis 6. Postoperative period 
K. Neonatal hypoxia 7. Endocrine diseases 
L. Hydrocephalus A. Myxedsma 
M. Shy-Drager syndrome l 
N. Rocky Mountain spotted fever 8. “Idiopathic” 
O. Delirium tremens 


osmolality, (c) excessive renal excretion of sodium, {d) absence of clinical 
evidence of edema-forming states or of volume depletion, (e) normal renal 
function, and (f) normal adrenal function. In this review of recent develop- 
ments in the pathogenesis and treatment of SIAD we have limited ourselves 
to patients who meet these criteria. 


VASOPRESSIN FUNCTION 


General Studies 


Only within the last decade have assay techniques for plasma vasopressin 
been sufficiently sensitive and specific to characterize the hormone within 
the physiologic range. Such studies have shown that plasma vasopressin 
levels in normal subjects are highly dependent on plasma osmolality (53). 
Above a level of about 280 mOsmol/kg, plasma vasopressin increases lin- 
early with increasing tonicity. Below this threshold level,, vasopressin is 
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uniformly suppressed to less than 1 pg/ml (54), a concentration low enough 
to permit a diuresis of 10-20 liters per day. Since this rate of output is 
sufficient to offset all but the most excessive rates of water intake, the ability 
to maximally suppress vasopressin secretion provides an important defense 
mechanism against dilutional hyponatremia. 

Measurements of plasma or urinary vasopressin have abundantly con- 
firmed that the hormone is inadequately suppressed in most patients with 
SIAD (37, 55-63). Our series of 79 patients, the largest yet reported, is fully 
consistent with this finding (Figure 1). It should be noted, however, that the 
vasopressin levels of over 80% of the patients in our study were comparable 
to those seen in normally hydrated healthy adults (Figure 1). Hence, they 
can be recognized as inappropriate only in relation to the hypotonicity of 
body fluids. 

The abnormal osmoregulation of vasopressin in patients with SIAD is 
further characterized by sequentially measuring the hormone during hyper- 
tonic saline and/or water loading. When performed in normal subjects, 
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Figure] Relationship between plasma vasopressin and osmolality in 79 patients with clinical 
features of SIAD. Shaded area represents the range of normal values. 
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these tests produce closely related changes in vasopressin and osmolality 
that can be described in terms of a linear segression function. With such an 
analysis, the correlation coefficient or r value reflects the precision of the 
response, the slope of line reflects its senaitivity, and the x-intercept pro- 
vides a measure of the threshold or set or the system. In normal subjects, 
the results obtained are precise and reprod_cible on repeat study (Zerbe and 
Robertson, unpublished observations). W-en 43 patients with clinical fea- 
tures of SIAD were analyzed in this way, fur types of vasopressin response 
were noted. 

The first and most aberrant of these defects occurred in 37% of our 
patients. It was characterized by wide erratic fluctuations of vasopressin 
which appeared to be completely indeperdent of osmotic control (Figure 
2a). Though the precise mechanism is not Enown, this erratic release could 
result from random ectopic release of vesopressin, or from variation in 
posterior pituitary secretion due to rapid fluctuation of nonosmotic stimuli. 
The high incidence of this type of abno-mality points out the need for 
numerous determinations of vasopressin ~hen assessing the efficacy of a 
treatment for SIAD, since wide random variation may occur independently 
of the therapeutic interventions. 

A second group of patients comprising 33% of the total demonstrated 
release of vasopressin which, as in normal subjects, correlated highly with 
plasma osmolality (Figure 25). In these pe-ients, however, the x-intercept 
(or osmotic threshold) of the regression line was abnormally low. Therefore, 
the osmoregulation of vasopressin appears + have been preserved but initia- 
tion of release was premature. Such resett_ag of the osmostat could occur 
by at least three mechanisms. First, hypovc_.emia and/or hypotension leads 
to resetting (64), but it cannot be responsible in these patients since by 
definition they are clinically normovolemic and normotensive. Second, re- 
setting may occur as a result of interruption of afferent baroregulatory 
pathways by such processes as carcinomatous invasion or autonomic 
neuropathy. The interruption of these normally inhibitory pathways might 
lead to resetting by providing false signals of volume depletion and/or 
hypotension (65). Third, since stimulation <f the vasopressin osmoreceptor 
is probably mediated by an osmotically ind=ced dehydration of the neuron, 
loss of solute from the osmoreceptor coud also cause resetting. Loss of 
intracellular solutes from the osmoreceptor might be a primary defect such 
as that hypothesized for the “sick cell syadrome” (66), or it could be a 
secondary adaptation to chronic hyponatremia (67). Whatever the patho- 
genic mechanism, it should be noted that patients with resetting of the 
osmostat behave differently from those with other forms of SIAD since they 
can produce maximally dilute urine if madz sufficiently hyponatremic (68, 
69). 
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In 16% of our patients there appeared to be a constant nonsuppressible 
“leak” of vasopressin with otherwise normal osmoreceptor function. Within 
the physiologic range of plasma osmolality, vasopressin release stimulated 
appropriately, but below 278 mOsmol/kg, the hormone stabilized at a 
constant, inappropriately high level which could not.be suppressed by 
hypotonicity (Figure 2c). Such a defect might result from constant ectopic 
or neurohypophyseal release. Nonsuppressible central secretion of vaso- 
pressin may be due to hyperfunction of stimulatory neurons, hypofunction 
of proposed inhibitory neurons (65, 70), or injury to the neurohypophysis 
itself. 


PLASMA VASOPRESSIN pg/ml 





250 270 290 310 250 270 290 310 


PLASMA OSMOLALITY mOsmol/kg 


Figure 2 Examples of the four patterns of vasopressin release observed in patients with SIAD 
during osmotic challenge: (a) erratic release, (b) reset osmostat, (c) vasopressin leak, (d) 
hypovasopressinemic antidiuresis. 
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The last and smallest group, comprisirg 14% of our patients, exhibited 
what we have termed “hypovasopressinemic antidiureses.” They exhibited 
no detectable abnormalities in vasopressir secretion, yet they could neither 
maximally dilute their urine nor excrete 2 water load normally. This type 
of abnormality in water balance could 5e due to either increased renal 
sensitivity to arginine vasopressin or to th> presence of another antidiuretic 
substance immunologically distinct from this hormone. Increased sen- 
sitivity to vasopressin might occur as a result of changes in the affinity or 
number of renal vasopressin receptors, the regulation of which is not under- 
stood. It could also be mediated by a deficiency of renal prostaglandins since 
these substances appear to antagonize vascpressin action in vivo (71) as well 
as in vitro (72). The presence of an immunologically distinct antidiuretic 
substance such as arginine vasotocin migkt also explain antidiuresis in the 
absence of detectable vasopressin levels. Vasotocin has been identified in 
both human fetal pineal glands (73) and dult cerebrospinal fluid (74) and 
its antidiuretic effect in mammals is equal to that of vasopressin (Zerbe and 
Stropes, unpublished observations). Release of this ancestral hormone could 
result from some defect in the blood-CSF barrier or from synthesis in 
malignant tissue that has dedifferentiatec to a more primitive metabolic 
state. Whatever the pathogenesis, however, the apparent existence of this 
hypovasopressinemic form suggests that the term inappropriate antidiuretic 
hormone (SIADH) ought to be reserved for those patients in whom 
vasopressin is shown to be elevated by direct assay. In others, it would be 
more accurate to speak of the syndrome of inappropriate antidiuresis 
(SIAD). 

With reference to this system of classification, three additional points 
need to be made. First, because SIAD is cften transient, repeat studies are 
difficult to obtain. In the few patients stucied more than once, the type of 
vasopressin defect has been reproducible but further studies are needed to 
verify this observation. Second, more than one type of defect may coexist 
since both hypovasopressinemic antidiuresis and resetting of the osmostat 
have been observed in the same patient (75). The reason for this association 
is Opened to speculation, but may indicate that the two defects are causally 
interrelated at least in some patients (see above). Third, none of the four 
types of osmoregulatory defects was found -o be associated with any specific 
underlying illness. This lack of association. could be related to any of three 
possibilities. 

First, the underlying illness may be coincidental rather than causal. This 
seems unlikely considering the frequency with which certain diseases are 
associated with SIAD. Second, it is possible that a certain underlying illness 
can cause SIAD by more than one mecharism. This appears to be true for 
cancer and may apply to other diseases as well. Finally, different diseases 
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may produce the syndrome by a common final pathway. For example, 
resetting of the osmostat might result from loss of baroregulatory input or 
loss of osmoreceptor solute as previously noted. Further study of these 
patients and the various factors involved in the control of vasopressin 
release are needed to distinguish among these various possibilities. 


Cancer 


Inappropriate antidiuresis has been associated with a variety of malignant 
tumors, particularly oat cell carcinoma (Table 1). Schwartz and Bartter 
originally proposed a nonectopic mechanism for inappropriate secretion of 
antidiuretic hormone in these patients (6). The possibility of ectopic produc- 
tion of the hormone by malignant tumors was first suggested in the early 
1960s when a bronchogenic carcinoma removed from a patient with fea- 
tures of SIAD was shown to contain large amounts of antidiuretic activity 
(76). This conclusion was confirmed when a similar tumor was found and 
shown to synthesize vasopressin in vitro (77). This observation lead to the 
widespread belief that all cases of SIAD associated with malignancies were 
due to ectopic production. However, two lines of evidence challenge this 
view. In the first place, only four of nine such tumors studied subsequently 
demonstrated detectable amounts of antidiuretic activity (78). Second, 
many patients with cancer and inappropriate antidiuresis have resetting of 
the osmostat. It 1s highly unlikely that malignant tissue would acquire 
through dedifferentiation the capacity to both synthesize and osmoregulate 
vasopressin since these two functions are normally subserved by different 
neurons. A more plausible explanation is that many tumors act by resetting 
the osmostat or otherwise causing the neurohypophysis to release vasopres- 
sin inappropriately. Such effects could be mediated by: (a) hypovolemia 
and/or hypotension, (6) obstruction of the vena cava (effective hypovo- 
lemia), (c) invasion of the vagus nerve (baroreceptor denervation), (d) 
metastases in the hypothalamus or other regulatory centers, (e) carcinoma- 
tous neuropathy (peripheral and/or central), and (/) ectopic production of 
a neurotransmitter or a releasing factor for vasopressin (79). 


Hypothyroidism 

Impaired free water excretion and hyponatremia in the presence of severe 
hypothyroidism has been recognized for 25 years (80) but the incidence and 
etiology of this disorder remain controversial. Early reports demonstrated 
impaired water excretion in all of eight myxedematous patients studied (80). 
However, subsequent studies found a lower incidence (81, 82), and a small 
group of hypothyroid patients that we studied showed no abnormality in 
water excretion. These findings suggest that inappropriate antidiuresis may 
not be caused by hypothyroidism per se, but by some other variable related 
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to the duration, severity, or complications of the thyroid deficiency. When 
present, moreover, there is still uncertainty about the cause of the impaired 
water excretion since vasopressin is often 2), but not always (83), inappro- 
priately high. 


TREATMENT 


The clinical consequences of inappropriate antidiuresis are varied. They are 
due largely to the cerebral edema that ræults from hypotonicity of body 
fluids and can range from mild anorexia and confusion to stupor, convul- 
sions, and coma (8). Both the degree and rate of development of hypoosmo- 
lality are probably important determinants of the neurologic symptoms 
because there is some evidence that the bra- can counteract cerebral edema 
by gradually reducing intracellular solutes (84). 

Treatment of SIAD will vary dependirz on the clinical situation. The 
traditional method, fluid restriction, is sa=, rational, and effective. How- 
ever, correction of the hyponatremia is slov and difficult to maintain chron- 
ically. Hypertonic saline is useful in eme-gent situations associated with 
coma or convulsions, but again, this appro=ch is not suitable for long-term 
use. 

In recent years other forms of therapy thst may be useful in the treatment 
of SIAD have become available. They invclve the use of drugs that either 
suppress the release of vasopressin or indibit its action on the kidney. 
Ethanol is known to inhibit the release of vesopressin (85, 86) and has been 
proposed as therapy for SIAD (51). However, this approach is rarely practi- 
cal because the effects of ethanol are short-lived, inconsistent, and require 
intoxicating levels (86). Diphenylhydantomn was reported initially to be 
effective only when given intravenously > patients with nonmalignant 
forms of SIAD (55). More recently, oral diphenylhydantoin was success- 
fully used to treat a patient with SIAD (87)- Oxilorphan, butorphanol (88), 
and other opiates (89) suppress vasopressin release in rats; the first has also © 
been reported to increase water excretion -1 one patient with SIAD (90). 
Whether oral diphenylhydantoin and/or opiates prove to be effective in 
other such patients remains to be establisked. Given the heterogeneity of 
the vasopressin dysfunction in patients wits SIAD it would be surprising 
if any drug that suppresses vasopressin release proves to be uniformly 
effective. 

The most practical agents currently available for treatment of chronic 
SIAD are those that inhibit the antidiuretic effects of vasopressin. Lithium 
causes nephrogenic diabetes insipidus in abcut 20% cf people with normal 
antidiuretic function (91) and has been used to correct hyponatremia in 
patients with inappropriate antidiuresis (92). However, it is effective in only 
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a minority of patients, and its several toxic side effects including sluggish- 
ness, tremor, gastrointestinal disturbances, cardiotoxicity, and thyroid dys- 
function severely limit its use (93-95). 

Demeclocycline appears to be a safer, more effective method of inducing 
nephrogenic diabetes insipidus. It is an antibiotic of the tetracycline group 
and inhibits the action of vasopressin apparently by impairing both the 
generation and action of cyclic-adenosine monophosphate (96-98). Deme- 
clocycline is relatively safe, but potential adverse effects include nausea, 
photosensitivity, azotemia, and superinfection with resistant bacteria. At 
usual doses of 600-1200 mg/day it produces reversible-nephrogenic dia- 
betes insipidus in virtually all patients with inappropriate antidiuresis and 
currently is the preferred form of therapy in patients with chronic SIAD 
(93, 99). 


CONCLUSION 


SIAD is associated with a wide variety of diseases and medications. In most 
cases it arises from inadequately suppressed levels of plasma vasopressin, 
which can result from any one of at least three different types of os- 
moregulatory defect. A few patients have hypovasopressinemic antidiuresis 
that is characterized by low free water clearance in the absence of detectable 
vasopressin. These four types of diluting defects are not specific for any 
disease process, and the responsible pathogenetic mechanisms are open to 
speculation. The most effective treatment of chronic SIAD appears to be 
demeclocycline, which acts by producing a state of nephrogenic diabetes 
insipidus. Other medications suppress the central release of vasopressin but 
have not been shown to be uniformly effective. . 
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INTRODUCTION 


The choice of contraceptive method made by an individual or a couple 
provides an interesting insight into their social, psychological, and sexual 
relationship. The physician serving as a family planning counselor should 
provide the individual or couple with a realistic appraisal of the benefits and 
risks of each method. 

We define contraception to include any temporary or permanent method 
to prevent pregnancy resulting from a coital act. Regretfully, there have not 
been major innovations in contraceptive technology during the past few 
years. However, there have been interesting studies on the impact of current 
contraceptives, including the effects of sterilization operations on the health 
of both males and females. | 

The safe, simple, inexpensive, totally effective, easily reversible con- 
traceptive without side effects and not used at the time of the sexual act— 
in short, the ideal contraceptive—is yet to be developed. In this report, we 
outline effectiveness and standard risks. Rather than an all-inclusive review, 
we highlight recent improvements in standard contraceptives and express 
our thoughts concerning current risk-benefit ratios. 


STERILIZATION 


Recently, sterilization has become the most popular method of birth control 
in the United States. The dramatic and almost geometric rise in the number 
of sterilization procedures for both the female and the male partner is 
related to a complex interplay of changes in our cultural attitudes. Equal 
rights for women, relaxation of restrictions and barriers, emphasis on seri- 
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ous medical complications associated with —ral contraceptives and intraute- 
rine devices, and advances in surgical techniques have liberalized the 
thinking and practices of patients and phvsicians alike. 


Female Sterilization 


Ten years ago, approximately 80% of surgical sterilizations were vasecto- 
mies. Recently, the surgical pendulum ha= swung and now over 60% of 
sterility operations are performed on the female. This trend is expected to 
continue for the next few years. 

The benefits of tubal ligation are obvious, for few operations offer more 
relief from anxiety and have such a high chance of success. Failure rates 
with tubal ligation range from one in 200 > one in 1000 cases, depending 
on the type of operation performed. 

Standard textbooks dwell on the immediate risks of tubal surgery— 
namely, anesthetic complications and electrosurgical damage to the intes- 
tines or surrounding tissues. Advances in laparoscopic technique, including 
the use of either silastic bands or spring-lozded clips, have virtually elimi- 
nated the inadvertent “burns” associated with electrocautery. Also, because 
clips and bands produce less tissue damage. it is anticipated that there will 
be a higher potential for reversibility. 

In the past, discussions regarding long-term sequelae of tubal ligation 
centered on the occasional patient who regr=tted her decision and on failure 
of the original operation. However, recem literature has emphasized a 
specific syndrome that develops subsequemt to tubal ligation. The major 
components of the “post-tubal syndrome” zre dysfunctional uterine bleed- 
ing and pelvic pain. Most often the abnormal bleeding is menorrhagia and 
the pelvic pain includes dysmenorrhea and dyspareunia. 

The true incidence of this syndrome is difficult to establish, but is esti- 
mated to be 10-33% in women who have ~ad laparoscopic tubal fulgura- 
tion. Many authors have yet to recognize the relationship between the 
previous tubal surgery and the subsequent pelvic symptoms. Studies now 
in progress will help to clarify the frequency of this long-term morbidity. 
It is our opinion that a definite syndrome d=es exist. A small percentage of 
previously asymptomatic women develop pelvic complaints in the months 
following tubal ligation. Often, these chroniz symptoms are severe enough 
that the patient demands further surgery. 

It is important to differentiate between this syndrome and that of a 
psychosomatic etiology. However, we have bzen impressed by the specificity 
with which patients who have had the “post-tubal syndrome” describe their 
symptoms. The pelvic pain that these wom=n experience is usually related 
to movement or physical activity. Upon pe_vic examination, the uterus is 
freely mobile and normal in size. Pelvic tenczrness is most prominent in the 
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parametrial areas. The menorrhagia is usually a reflection of ovulatory 
cycles, and the pain is not relieved by oral contraceptives or other medical 
management. Hysterectomy is successful in alleviating the symptoms. 

Colleagues who remain skeptical of the association postulate that the 
syndrome is overdiagnosed and that it is merely a phenomenon of aging. 
Recent oral contraceptive use or an intervening pregnancy could cause a 
woman to forget her previous similar symptoms and result in a false as- 
sumption of cause and effect. j 

The etiology of the “post-tubal syndrome” remains as obscure as prospec- 
tive studies substantiating its incidence. One theory suggests that the pain 
may be related to intermittent torsion of the fimbria and/or the ovary. 
Other theories postulate that the symptoms result from compromise of the 
delicate vascular network between the uterus and the ovaries. We believe 
that the pain is secondary to retrograde menstruation into the closed seg- 
ments of the fallopian tubes. Observations made during laparoscopy per- 
formed at the time of the menstrual flow demonstrate that approximately 
50% of all women experience retrograde menstruation. It is possible that 
this normal physiologic variant is the precipitating factor in the develop- 
ment of the pelvic pain. 

If 15% of women develop this syndrome, 85% do not. Therefore, it seems 
illogical to use anticipation of the “post-tubal syndrome” as an overriding 
argument in proposing hysterectomy as the operation of choice for steriliza- 
tion. However, patients are counselled about this possibility as part of 
preoperative informed consent. Adequate informed consent invariably re- 
quires more time than does the indicated sterilization procedure itself. The 
hallmarks of “informed consent” in regard to sterilization are that a mature 
adult has made a voluntary decision after considering the risks and alterna- 
tives. It is important that there has been an opportunity to ask and answer 
all questions and a reasonable period of time between the initial decision and 
the surgical procedure. Presently, the federal government, activist groups, 
and lawyers are all involved in formulating the specific details of the doctor- 
patient preoperative discussion regarding sterilization. 

Concurrent with the increase in numbers of female sterilizations, there 
has been a dramatic rise in the number of women requesting reversal of their 
sterilization operation. Unexpected changes in an individual’s personal life 
and publicity surrounding improvements in microsurgical techniques have 
increased these numbers. Several studies have determined the “profile” of 
women requesting reversal of sterilization. Currently, it is estimated that 
1-2% of women regret their initial decision to have a tubal ligation and seek 
an operation to restore their fertility. 

In a report by Victor Gomel of 100 consecutive patients, the major 
reasons for requesting sterilization reversal were: changes in marital status, 


332 DROEGEMUELLER & BRESSLEE. 


65%; crib death, 17%; and the desire for more children in the same mar- 
riage, 10% (21). Ironically, all 17 women who experienced the tragedy of 
crib death in their families had post-partum sterilization operations. Retro- 
spectively, many patients stated that there were significant marital problems 
prior to and at the time of the operation. Eindsight is rarely cloudy; how- 
ever, a commitment to sterilization made late in pregnancy or the puer- 
perium is like “adopting religion on the bat: efield.” It is a commitment that 
may not last throughout the reproductive fife of the individual. Permanent 
sterilization is a major decision that should be made at a time of psychologi- 
cal tranquility. 

On-going research in female sterilization focuses on two major elements: 
the development of an easily reversible ster_ization operation and transcer- 
vical methods of tubal occlusion. Two novel techniques of transcervical 
sterilization may result in a method with ese of reversal. Hosseinian et al 
have developed a uterotubal plug that is izserted via a hysteroscope (22). 
Pregnancies were obtained in baboons following removal of the device. 
Similarly, the silastic plug developed by =rb had encouraging results in 
animal experiments and is currently beinz tested in preliminary clinical 
trials (14). Several groups are investigaticrz caps, hoods, socks, or plugs 
secured around the fimbria. In some expermnents, the fimbria are placed in 
a protected environment extraperitoneal, tween the leaves of the broad 
ligament. Results are preliminary but promising. 

Other investigators have focused their int=rest on transcervical outpatient 
sterilization. These include uterine injecticis of sclerosing agents such as 
methylcyanoacrylate or quinacrine, and thermal damage to the endomet- 
rium and uterotubal junction by cryosurgery, electrocautery, or laser beam. 
Research continues on these innovative m=zthods, but none has achieved 
acceptable rates of bilateral tubal obstruct on. Reversibility is obviously a 
low priority in developing a new modality for outpatient sterilization. 


Male Sterilization 


Both scientifically and practically, vasectorr v is simpler with less immediate 
morbidity, less expense, and easier revers:pility than tubal ligation. The 
failure rate is slightly less with male steri_ zation. Most importantly, the 
success of vasectomy can be measured by g laboratory test. Because of the 
longer reproductive lifespan and anxiety of s2xual performance, males expe- 
rience a higher incidence of psychologica. sequelae following vasectomy 
than do women following tubal ligation. 

As with female sterilization, the numbe= of men requesting reversal of 
their previous sterilization procedure has increased recently. The urologists 
have been quicker than their gynecologice. peers to adapt microsurgical 
techniques for sterilization reversal. Therefore, the overall pregnancy rate 
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with vasovasostomy is far superior to operations on the female. Pregnancy 
rates of 60-75% in unselected series are now common. 

There have been two major areas of research with regard to vasectomy 
in the past five years. The efforts of several groups and millions of dollars 
have not successfully developed a reversible intravasal device. The fantasy 
was appealing but it has not become a reality. Recent interest has focused 
on the possibility of producing vas occlusion without a surgical incision. 
Injections of sclerosing solutions have produced asospermia in individual 
patients (20). 

Most alarming is a. report that vasectomy may be a surgical model for 
autoimmune disease. Nancy Alexander (1) postulated that the immunologi- 
cal response to sperm antigens which often accompanies vasectomy may 
accelerate the development of atherosclerotic cardiovascular changes. She 
demonstrated that diet-induced atherosclerosis developed more extensively 
in vasectomized cynomolgus monkeys than in sham-operated control mon- 
keys fed the same diet. Complement and immunoglobulins were associated 
with the atherosclerotic plaques in some of the monkeys. (Important refer- 
ences on sterilization include 3, 10, 12, 13, 23, 24, 33, 36-38, 42, 43, 53, 59, 
60.) 


STEROIDAL CONTRACEPTIVES 


No other development in medical history has had such a revolutionary 
impact on society as the introduction of oral contraceptives. For the past 
20 years the steroidal oral contraceptives have proven to be among the most 
effective pharmacologic products ever marketed. The theoretical effective- 
ness is one pregnancy per 1000 woman years of use, and the actual use 
effectiveness is 5-8 pregnancies per 1000 woman years of use. They are 
immensely popular because of this effectiveness and because their use is 
removed in time from the sexual act. Currently, it is estimated that 10 
million women in the United States and 60 million women in the world 
are using oral contraceptives. Their popularity continues to increase in 
the face of widespread publicity concerning the serious complications, 
and women having to endure the minor side effects caused by the “pseudo- 
pregnancy.” 

Because so many women use them, oral contraceptives are among the 
most thoroughly studied drugs. Many review articles document the various 
adverse effects that have been recorded in the literature. The mortality risk 
from the pill in women under the age of 35 is three in 100,000. If one 
considers risks of life, the chance of the same women being killed in an 
automobile accident or murdered on the streets of a metropolitan city is 
approximately 20 times greater. 
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Few authors comment on the beneficial effects of oral contraceptives. 
Although the list of positive side effects does not compare in length or 
breadth with the harmful aspects, it is worta discussing. Women taking oral 
contraceptives have fewer menstrual disorders, including a relief from dys- 
menorrhea, and fewer hospital admissiors for diagnostic dilatation and 
curettage for abnormal bleeding. Oral cortraceptives inhibit the develop- 
ment of benign breast disease and decre=se the incidence of functional 
ovarian cysts. Lastly, a statistical decrease aas been reported in some medi- 
cal illnesses including peptic ulcers and rkeumatoid arthritis. 

Recently, there has been an emphasis on reformulation with lower dos- 
ages in an effort to minimize the side effects and complications of oral 
contraceptives. It has been suggested that oral contraceptives should con- 
tain at least 30 ug of ethinyl estradiol. Lowzr dosages of estrogen will result 
in either an excessive incidence of abnormal bleeding or a higher pregnancy 
rate. 

Obviously, a physician takes into accour-- the absolute contraindications 
to oral contraceptives, such as previous his-ory of thromboembolic disease, 
deep-vein thrombophlebitis and cerebrovasz-ular disease, active liver disease 
or impaired liver function, estrogen-dependent neoplasia, and suspected or 
known pregnancy. Similarly, relative contraindications should be consid- 
ered, such as migraine headaches, oligomenorrhea, hypertension, 40 or 
more years of age, epilepsy, sickle cell disease, and history of idiopathic 
jaundice of pregnancy. However, the decisian to use the pill is very complex 
and often involves not only medical but social, moral, and economic issues. 
Therefore each patient must be considered individually. 

Rather than reiterating previous reports of the side effects of oral con- 
traceptives, we discuss here changes in clinical practice that may reduce 
adverse effects. It is important to include a family history of hypercoagula- 
bility as a relative contraindication to oral contraceptives, because the pill 
causes all women to be hypercoagulable. However, some of the intravascu- 
lar coagulation problems can be prevented if the patient is encouraged to 
discontinue oral contraceptives prior to elective surgery, cardiac catheriza- 
tion, and other procedures that predispose to thrombophlebitis. Another 
relative contraindication not stressed in eittzr the gynecological or medical 
literature is depression. Obviously, it is difficult to precisely measure the 
depressive affect in any person’s life. However, the pill can definitely in- 
crease depression, and many serious psychiatric sequelae have followed the 
initiation of oral contraceptives. 

Patients should be instructed that it is important to discontinue oral 
contraceptives about three months prior to conceiving their next pregnancy. 
There are soft data that chromosomal abnormalities are higher in pregnan- 
cies that begin the month following discomtinuence of oral contraceptive 
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therapy. Of more clinical significance is the woman and her physician both 
being certain of the time of conception. In modern obstetrics there are only 
two therapeutic modalities; bed rest, which improves uterine blood flow, 
and termination of the pregnancy prior to the expected date of confinement. 
A pregnancy with unknown dates complicated by intrauterine growth retar- 
dation, for example, becomes a laboratory dystocia requiring multiple ul- 
trasounds, estriols, amniotic fluid analysis, and stress testing of the fetal 
heart rate. ) 

Most physicians instruct their patients to return three months from the 
first visit after instituting oral contraceptives. This allows the physician to 
discover idiosyncratic reactions such as hypertension or growth of myomas. 
Because of the association of multiple congenital anomalies, the VACTERL 
syndrome associated with the ingestion of synthetic progestins during early 
pregnancy, it is prudent to avoid these compounds not only in diagnostic 
tests for amenorrhea but also in the treatment of dysfunctional uterine 
bleeding. Both of the latter admonitions are included for patients who are 
“sexually active” and possibly could be pregnant. Progesterone in oil in- 
tramuscularly is an acceptable alternative as part of the endocrine investiga- 
tion of a woman with amenorrhea. 

Liver adenomas are the most prominent complication of oral contracep- 
tives that have been related to chronicity of use. The incidence of most other 
risks including the “post-pill amenorrhea” are not determined by how long 
a woman takes oral contraceptives. Regretfully, this clinical fact is not 
appreciated by all practitioners. Therefore, many women have been in- 
structed to discontinue their pills for two to three months every couple of 
years, the “periodic rest period.” This unwarranted clinical practice may 
help to alleviate iatrogenic guilt or a small obstetrical practice, but is not 
based on sound clinical studies. 

A recent publication documented an increased conversion rate from 
dysplasia to carcinoma in situ of the cervix in women on the pill as com- 
pared to women using the intrauterine device (48). The probability was 
six-fold greater that those on the pill would have carcinoma in situ within 
the seven-year time limit of the study. This finding must be put in perspec- 
tive of the entire risk-benefit ratio. At worst, cervical cancer is a skin cancer 
with corresponding excellent cure rates. Denial of the pill to a woman just 
because she had dysplasia of the cervix is analogous to banning the bikini 
for fear of skin cancer in the sunbelt. 

With the gradual reduction of estrogen content in oral contraceptives, 
some women have reached the minimum dosage necessary for adequate 
contraception. Recently, there have been several different drugs implicated 
in drug interactions with the pill. Rifampicin increases the rate of hepatic 
metabolism, thereby reducing plasma concentrations of estrogen. Conse- 
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quently, breakthrough bleeding and pregnancies have been reported. There 
has also been an occasional pregnancy associated with low-dose oral 
contraceptives and chloramphenicol, phenytoin, and other antiepileptic 
drugs. 

The progestin-only mini-pill has not gained much popularity in the 
United States. The pregnancy rate of 2-5 per 100 woman years and asso- 
ciated disruption of the normal bleeding cycle, which is replaced by ame- 
norrhea and irregular episodes of spotting and bleeding, produce too much 
anxiety for the average female. It should b= used primarily during lactation 
and in patients who have complications related to the estrogen component 
of the pill such as growth of uterine mycmas. 

Depomedroxyprogesterone given in ingections of 150 mg every three 
months is a popular contraceptive outside of this country. Recent evidence 
of endometrial carcinoma in two monkeys receiving this drug will probably 
further depress any hopes of FDA approwal. 

Research has centered on innovative ways of slowly releasing steroids. 
Silastic vaginal rings are being investigated that would either release both 
estrogen and progestin or progestin alone The rings would eliminate the 
necessity of the woman remembering to t=ke her pill each day. However, 
similar to the mini-pill, the menstrual pe-tern would change. Currently, 
there are several clinical trials of injecting or implanting steroids in biode- 
gradable rods or pellets for prolonged contraceptive action. (Important 
references on oral contraceptives include £. 6, 8, 11, 18, 25, 27, 30, 35, 39, 
46, 47 54-58.) 


INTRAUTERINE DEVICES 


The intrauterine device (IUD) as a cont-aceptive had a long history of 
medical nonacceptance in the United State before 1962. The IUD fell into 
clinical disfavor in the 1930s because of the concern over serious pelvic 
infections associated with its use. With th= development of new polyethy- 
lene devices of high tissue tolerance, most of these objections disappeared. 
A World Health Organization report in 1968 stated that pelvic inflamma- 
tory disease associated with the IUD was mot a significant problem and, at 
that time, there was no evidence that the imcidence of pelvic infection was 
greater in IUD wearers than in the generad population. Ten years ago, the 
IUD was gaining in popularity at a rate greater than any other contracep- 
tive. However, because of recent reports concerning increasing incidence of 
pelvic infection, especially serious sequelae such as unilateral tubo-ovarian 
abscess and pelvic actinomycoses, history 1s repeating itself. 

The IUD has several benefits. The failure or pregnancy rate is 2-3 per 
100 woman years. Unusual for most cont=aceptives, the theoretical effec- 
tiveness and use effectiveness are virtually tne same. Continucus motivation 
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or performance is not necessary to successfully use the method. Also, the 
effect is local and there are no associated systemic metabolic effects. In 
considering mortality rates related specifically to the contraceptive method, 
oral contraceptives are three times more dangerous than the IUD. Con- 
versely, if one considers hospitalizations directly related to the contracep- 
tive method, the incidence associated with the IUD is 5-10 times higher 
than the pill. 

Because of infectious complications and their relationship to future fer- 
tility, many clinics do not like to insert an IUD into nulliparous women. 
However, the IUD is well suited for older multiparous women who have 
completed their families but are not prepared to have a surgical sterilization. 
Older parous women tolerate the device with fewer expulsions and a higher 
continuation rate. 

The mechanism of action of the plastic IUD is related to the sterile 
inflammation produced by the foreign body in the uterus. The larger the 
surface area of the device, the greater the inflammatory response and the 
lower the failure rate. The latest generation of IUDs are smaller and medi- 
cated with either copper or progesterone. The advantages of medicated 
IUDs are that, because of their smaller size, they are more easily tolerated 
and produce fewer local symptoms, especially in women with smaller uteri. 
The copper gradually diffuses from the device and, therefore, a new IUD 
should be inserted after three years. Progesterone is released at a rate of 65 
pg daily to the endometrium and enhances the local contraceptive effect 
without producing levels of hormone that cause systemic effects. The pro- 
gesterone IUD should be replaced after 12 months of use. 

Uterine perforation is the foremost immediate complication of the IUD. 
The exact incidence of this complication is unknown since many perfora- 
tions are not discovered, but it is quoted as being between one in 400 and 
one in 1000 insertions. The patient whose IUD appendage or string is lost 
must be investigated for this complication. Ultrasound visualization or both 
anterior-posterior and lateral X rays with a metal sound in the uterus will 
establish the diagnosis. It is imperative to remove an intraperitoneal copper 
device because the peritoneum reacts adhesively to the copper. 

Pregnancy is an alarming adverse effect to the majority of women who 
experience this unanticipated complication. The IUD is definitely not 
teratogenic. Because of its extraamniotic location, the IUD can facilitate 
intrauterine infection and result in premature rupture of the membranes. A 
physician should remove the device by pulling on the vaginal appendage as 
soon as pregnancy is suspected. This apparently illogical maneuver de- 
creased the fetal loss from 48% when the device was left in situ to a 20-30% 
abortion rate following removal of the IUD. | 

Three nuisance side effects may cause patients to select another con- 
traceptive method; expulsion, bleeding, and pelvic pain. Expulsion occurs 
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in 5-15% of women and depends directly on the size of the device inserted. 
Bleeding is believed to be related to a localincrease in the fibrinolytic system 
of the endometrium. Abnormal bleeding with the IUD has been treated 
successfully with aminocaproic acid and tranexamic acid and other similar 
synthetic antifibrinolytic agents. Because of the systemic gastrointestinal 
toxicity of these drugs, attempts are now being made to incorporate these 
agents into the medicated IUDs. 

The pelvic pain is usually related to the release of prostaglandins by the 
endometrial stroma. Oral prostaglandin synthetase inhibitors, aspirin and 
nonsteroidal anti-inflammatory agents, eff=ctively relieve the dysmenorrhea 
associated with an intrauterine foreign body. No investigator has been bold 
enough to treat women with prostaglandin synthetase inhibitors during the 
entire cycle, fearing that the contraceptive action of the sterile inflammation 
might be disturbed. During normal menstruation a woman without an [UD 
loses approximately 38 ml of blood. The average woman with an IUD will 
lose 80 ml per period, and an occasiona. patient will bleed considerably 
more. Therefore, the IUD should be consi€ered in the differential diagnosis 
of a woman with an iron deficiency anemia. 

Recent physician disenchantment with the IUD centers on the infectious 
complications. The incidence of acute pelvic inflammatory disease is in- 
creased 5- to 10-fold by the presence of an IUD regardless of the socioeco- 
nomic status of the patients. Major pelvic afections resulting in death have 
been reported in both pregnant and nonpregnant women. 

Not only is there an increase in common bilateral salpingitis, but unusual 
and rare pelvic infections are now being seen with alarming frequency in 
IUD users. In 1975, a report of unilateral tnbo-ovarian abscesses associated 
with the IUD was published (52). The wcmen had a syndrome character- 
ized by 2—5 weeks of prodromal symptoms including vague lower abdomi- 
nal pain, pelvic tenderness, and dyspareunia. If untreated this insidious 
infection can develop into eventual loss of -he tube and ovary. It is believed 
that the IUD should be removed when prodromal symptoms arise. In the 
absence of a definite pelvic mass the patiend may be treated with antibiotics 
as an outpatient. However if a definite pelvic mass is palpated, the patient 
should be admitted to the hospital and receive intravenous antibiotic 
therapy. Early surgical therapy should be considered if the mass does not 
respond to medical management. 

Removal of an asymptomatic IUD my precipitate an inflammatory 
response and secondary infection during cancurrent elective pelvic surgery 
such as tubal ligation. 

Pelvic actinomycoses, another rare but p=tentially serious pelvic infection 
associated with the IUD, is being reported in increasing numbers. This 
organism is not part of the normal vaginal flora although it is considered 
normal flora in the oropharynx and bowe. In a study at Johns Hopkins, 
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25% of symptomatic IUD users had actinomycetes organisms in Fast, 
Papanicolaou smears (31, 45). In a small series, 80% of asymptomatic 
women with IUDs and actinomycetes identified on Pap smears subse- 
quently developed symptoms, including vaginitis, abnormal bleeding, and 
actue pelvic inflammatory disease. The proper management of women with 
actinomycetes on smears is unclear, but some gynecologists are removing 
the device and treating the patient with penicillin. 

The basic physiologic action of the intrauterine device is ineffective in 
protecting against ectopic pregnancy. There is a 12-fold increase in risk of 
ectopic pregnancy between IUD users and women using mechanical con- 
traception. This incidence continues to increase with chronicity of IUD 
usage. This tendency may possibly continue to a lesser extent even after the 
IUD is removed. One of eight ectopic pregnancies associated with the IUD 
is a primary ovarian pregnancy. The most tragic aspect of this relationship 
is that the symptoms normally produced by an IUD and the constellation 
of classic symptoms associated with an ectopic pregnancy are so similar that 
the diagnosis of the ectopic is often delayed. Lower abdominal and pelvic 
pain, spotting, and signs of pelvic inflammatory disease are often attributed 
to the IUD and the diagnosis of ectopic not even entertained. In one series, 
50% of patients had their IUDs removed prior to even considering the 
diagnosis of ectopic pregnancy. Obviously, this delay in awareness and 
diagnosis can be life threatening. 

Two quotes from eminent gynecologists will help to underline current 
thinking regarding the IUD. Dr. E. Stewart Taylor wrote, “I think the IUD 
should not be used by women who have not had their family unless there 
is some compelling social indication” (52). Dr. Robert Barter stated, “Cate- 
gorically and unequivocally ... in a patient who has an IUD or who may 
have an {UD and who has pelvic pain with or without fever the IUD must 
be removed as the first step in any therapy, and any therapy without its 
removal is meaningless, of no value, and worthless. It is amazing that this 
concept still does not have universal acceptance” (4). (Important references 
on the IUD include 2, 9, 15-17, 26, 32, 34, 40, 41, 44, 49-51.) 


BARRIER CONTRACEPTIVES 


Successful use of barrier contraceptives depends-on a highly motivated 
individual or couple, for effectiveness depends on proper placement of the 
barrier immediately prior to the sexual act. Therefore, in studies of all forms 
of vaginal contraception and condoms, there is a wide discrepancy between 
theoretical and use effectiveness. 

There has not been a medical change in the condom since the days of 
Casanova. The theoretical effectiveness is 3 per 100 woman years while the 
use effectiveness is variously quoted between 12 and 20 per 100 woman 
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years. The only side effect is a rare allergi reaction to rubber. This can be 
alleviated by having the man switch to a condom made of collagen or the 
skin condom, made from the caecum of ambs. Many women believe that 
the male partner should assume the responsibility for contraception. Manu- 
facturers have responded with “new improved” condoms that are thinner, 
lubricated, ribbed, and multicolored. The impact of these changes has not 
been chronicled in the medical literature 

The vaginal diaphragm has a theoretic =ffectiveness of 2 per 100 woman 
years, and a closely monitored study in highly motivated individuals re- 
sulted in a similar use effectiveness. However, large-scale investigations 
have documented pregnancy rates of 12—18 per 100 woman years. Rarely, 
a woman may be allergic to latex or the companion spermicidal cream or 
jelly. Because of the adverse publicity surrounding oral contraceptives and 
the intrauterine device, private industry has been innovative in new meth- 
ods of delivering spermicides to the vagina. Presently, there are many new 
creams, jellies, suppositories, foaming taElets, and removable and biode- 
gradable sponges that deliver Nonoxynol-9 to the upper vagina. The advan- 
tages in the market place are that most of the products are smaller and have 
a more pleasant odor than a diaphragm. The immediate side effects include 
a warm sensation in the vagina, as some =f these products effervesce, and 
a “gritty” feeling if there is not adequate vaginal lubrication. Since virtually 
all of these new barrier methods contain tne same spermicide, it is difficult 
to visualize significant changes in pregrmancy rates. Some scientists are 
beginning to question the toxicity of the detergents used to lyse sper- 
matozoa. Their ability to disintegrate celle or subcellular membrane struc- 
tures such as the lysosomal vacuole or endoplasmic reticulum is well 
established. Because spermicidal agents = the upper vagina are rapidly 
absorbed, there is the possibility of a systemic effect. Preliminary toxicologic 
studies in rats and rabbits indicate liver and renal damage. These results 
dampen enthusiasm for chronically releasing Nonoxynol-9 from a vaginal 
ring or similar device (7, 19, 28, 29). 


SUMMARY 


Reproductive biology has made significant advances as demonstrated by the 
recent birth of an egg fertilized in vitro. Eut even in the era of “test-tube 
babies,” prevention of pregnancy is not wahout associated risks. The ideal 
contraceptive that is safe, efficacious, and reversible is still not a reality. The 
lowest mortality rates are associated with barrier contraceptives with a 
back-up of early abortion when the methoc fails. The relative risks, efficacy, 
side effects, and costs of various available contraceptives are summarized 
in Table 1. 
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Table 1 Risk-benefit ratio of contraceptives 
Failure rate Approximate 
Method or effectiveness Major side effects Minor side effects cost 
Female sterilization 1 in 200 post-tubal none $850 
to syndrome 
1 in 1000 
Male sterilization 1 in 1000 possible none $175 
atherosclerosis 
Oral contraceptives 0.5 per thrombophlebitis pseudo-prepnancy $ 75/yr 
100 woman pulmonary embolus 
years cerebral thrombosis 
IUD . 2-3 per uterine perforation uterine bleeding $ 75/yr 
100 woman pelvic infections and cramping 
years 
Barrier methods 3-20 per none allergic reaction $ 30/yr 
100 woman nuisance to use 
years 


The choice of a contraceptive method is a very personal one and involves 
many facets of daily life. This choice involves various risk-benefit ratios, 
though the eventual decision often is not a scientific one. However, it is the 
physician’s responsibility to provide the patient with the factual background 
for his or her contraceptive choice. 


Literature Cited 


I. 


. Christopherson, W. M., 


Alexander, N. J. 1978. Vasectomy in- 
creases the severity of diet-induced 
atherosclerosis in Macaca fascicularis. 
Science 201:538-41 


. Anderson, A. B. M., Haynes, P. J., 


Guillebaud, J., Turnbull, A. C. 1976. 
Reduction of menstrual blood-loss by 
prostaglandin-synthetase inhibitors. 
Lancet 1:7174-76 


. Baggish, M. S., Lee, W. K., Miro, S. J., 


Dacko, L., Cohen, G. 1979. Complica- 
tions of laparoscopic sterilization. Com- 
parison of 2 methods. Obstet. Gynecol. 
54:54-59 . 


. Barter, R. H. 1975. Discussion of paper 


by Taylor, E. S. Am, J. Obstet. Gynecol. 
123:342 


. Chez, R. A. 1978. Proceedings of the 


symposium “Progesterone, Progestins, 
and Fetal Development.” Fertil. Steril. 


30:16-26 

Mays, E. T., 
Barrows, G. 1977. A clinicopathologic 
study of steroid-related liver tumors. 
Am. J. Surg. Pathol, 1:31-41 


. Chvapil, M., Eskelson, C. D., Dro- 


egemueller, W., Ulreich, J. B., Owen, J. 
A. Ludwig, J. C., Stiffel, V. W. 1979. 


10. 


11. 


12. 


New data on the pharmacokinetics of 
Nonoxynol-9. In New Developments in 
Vaginal Contraception, ed. G. I. Za- 
tuchni, A. J. Sobrero, J. J. Speidel, J. J. 
Sciarra. Hagerstown, Md: Harper & 
Row. In press 


. Coskey, R. J. 1977. Eruptions due to 


oral contraceptives. Arch. Dermatol. 
113:333-34 


. Dische, F. E., Burt, J. L., Davidson, N. 


J. H., Puntambekan, S. 1974. Tubo- 
ovarian actinomycosis associated with 
intrauterine contraceptive devices. J. 
Obstet. Gynaecol. Br. Commonw. 
81:724~29 

Droegemueller, W., Greer, B. E., Da- 
vid, J. R., Makowski, E. L., Chvapil, 
M., Pollard, A. 1978. Cryocoagulation 
of the endometrium at the uterine cor- 
nua. Am. J. Obstet. Gynecol, 131:1-7 
Durand, J. L., Bressler, R. 1979. Clini- 
cal pharmacology of the steroidal oral 
contraceptives. Adv. Intern. Med. 24: 
97-126 

Emens, J. M., Olive, J. E. 1978. Timing 
of Ti sterilization. Br Med. J. 
2:112 


342 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


21. 


22. 


23. 


25. 


26. 


27. 


DROEGEMUELLER & BRESSLER 


Engel, T. 1978. Laparoscopic steriliza- 
tion: Electro-surgery or clip applica- 
tion? J. Reprod. Med. 21:107-10 

Erb, R. A. 1976. Silastic: A retrievable 
custom-molded oviductal plug. In Ad- 
vances in Female Sterilization Tech- 
niques, ed. J. J. Sciarra, W. Dro- 
egemueller, J. J. Speidel, pp. 259-72. 
Hagerstown, Md: Harper & Row 
Eschenbach, D. A. 1976. Acute pelvic 
inflammatory disease: etiology, risk fac- 
tors and pathogenesis. Clin. Obstet. 
Gynecol. 19:147-69 

Everett, E. D., Reller, L. B., Dro- 
egemueliler, W., Greer, B. 1976. Ab- 
sence of bacteremia after insertion or 
removal of intrauterine devices. Obstet. 
Gynecol. 47:207-9 


Faulkner, W. L., Ory, H. W. 1976. In- 


trauterine devices and acute pelvic in- 
flammatory disease. J. Am. Med. Assoc. 
235:1851-53 

Fisch, I. R., Frank, J. 1977, Oral con- 
traceptives and blood pressure. J. Am. 
Med. Assoc, 237:2499-2503 

Free, M. J., Alexander, N. D. 1976. 
Male contraception without prescrip- 
tion: a reevaluation of the coridom and 
coitus interruptus. Public Health Rep. 
91:437—45 


. Freeman, C. 1975. Preliminary human 


trial of a new male sterilization proce- 
dure: vas sclerosing. Fertil Steril. 
26:162-66 

Gomel, V. 1978. Profile of women re- 
questing reversal of sterilization. Fertil 
Steril. 30:39-41 

Hosseinian, A. H., Lucero, S., Kim, M. 
H., 1976. Hysteroscopic implantation of 
uterotubal junction blocking devices. 
See Ref. 14, pp. 169-79 

Hulka, J. F., Mercer, J. P., Fishburne, 
JeF; Kumarasamy, Ts Omran, K. F., 
Phillips, J. M., Lefler, H. T., Lieber- 
man, B., Lean, T. H., Pai, D. N., Koet- 
sawang, S., Castro, y. W. 1976. ‘Spring 
clip sterilization: One-year follow-up of 
1,079 cases. Am. J. Obstet. Gynecol. 
125:1039-43 


. Hulka, J. F., 1977. Current status of 


elective sterilization in the United 
States. Fertil. Steril. 28:515-20 

Jick, H., Porter, J., Rothman, K. J. 
1978. Oral contraceptives and nonfatal 
stroke in healthy young women. Ann. 
Intern. Med. 89:58-59 

Kahn, H. S., Tyler, C. W. 1975. IUD- 
related hospitalizations United States 
and Puerto Rico-1973. J. Am. Med. As- 
soc. 234:53—56 

Kaplan, N. M. 1978. Cardiovascular 


complications of oral contraceptives. 
Ann. Rey. Med. 29:31—40 

2& Lane, M. E., Arceo, R., Sobrero, A. J. 
1976. Successful use of the diaphragm 
and jelly by a young population: Report 
of a clinical study. Fam. Plann. Per- 
spect. 8:81-86 

29. Lane, M. E. 1977. Benefits and risks of 
diaphragm and condom use. In Risks, 
Benefits, and Controversies of Fertility 
Control, ed. J. J. Sciarra, G. I. Za- 
tuchni, J. J. Speidel, pp. 547-55. Hag- 
erstown, Md: Harper & Row 

30 LiVolsi, V. A., Stadel, B. V., Kelsey, J. 
L., Holford, T. R. White, C. 1978. pi 
brocystic breast disease in oral-con- 
traceptive users. N. Engl J. Med. 
299:381—85 

31 Luff, R. D., Gupta, P. K., Spence, M. 
R., Frost, J. K. 1978. Pelvic ac- 
tinomycosis and the intrauterine con- 
traceptive device. A cyto-histomor- 
phologic study. 4m. J. Clin. Pathol. 
69:58 1-86 

32. Mead, P. B., Beecham, J. B., Maeck, J. 
V. S. 1976. Incidence of infections asso- 
ciated with the intrauterine contracep- 
tive device in an isclated community. 
Am. J. Obstet. Gynecol. 125:79-82 

33. Neil, J. R., Hammond, G. T., Noble, A. 
P., Rushton, L; Letchworth, A. T. 
1975. Late complications of steriliza- 
tion by laparoscopy and tubal ligation. 
Lancet 2:699-700 

34.. Niebyl, J. R., Parmley, T. H., Spence, 
M. R., Woodruff, J. D. 1978. Unilateral 
ovarian abscess associated with the in- 
trauterine device. Obstet. Gynecol. 
52:165-68 

35. Nora, J. J, Nora, A. H., Blu, J., In- 
gram, J., Fountain, A., Peterson, M., 
Lortscher, R. H., Kimberling, W. J. 
1978. Exogenous progestogen and es- 
trogen implicated in birth defects. J. 
Am. Med. Assoc. 240:837-43 

36. Pauerstein, C. J. 1978. From fallopius 
to fantasy. Fertil. Steril. 30:133-40 

37. Richart, R. M., Neuwirth. R. S., Bol- 
duc, L. R. 1977. Single-application fer- 
tility-regulating device: Description of a 
new instrument. Am. J. Obstet. Gynecol. 
127:86-90 

38. Ringrose, C. A. D. 1974. Post tubal li- 
gation menorrhagia and pelvic pain. 
Int. J. Fertil. 19:168-70 

39. Robertson, Y. R., Johnson, E. S. 1976. 
Interactions between oral contracep- 
tives and other drugs. A review. Curr. 
Med. Res. Opin. 3:647-61 

40. Rosenfield, A. 1978. Oral and intraute- 
tine contraception: A 1978 risk assess- 


4i. 


45. 


46. 


47. 


48. 


49, 


50. 


ment. Am. J. Obstet. Gynecol. 132:92- 
106 l 

Rybo, G. 1978. The TUD and endomet- 
rial bleeding. J. Reprod. Med. 
20:175--82 


. Schneider, J. 1973. Counselling for ster- 
43. 


ilization. Obstet. Gynecol. 42:788-84 
Sciarra, J. J., Zatuchni, G. I., Speidel, J. 
J., eds. 1977. Reversal of Sterilization. 
Hagerstown, Md: Harper & Row. 
294 pp. 


. Smith, M. R., Soderstrom, R. 1976. Sal- 


pingitis: a frequent response to intraute- 
rine contraception. J. Reprod. Med. 
16:159-62 

Spence, M. R., Gupta, P. K., Frost, J. 
K., King, T. M. 1978. Cytologic detec- 
tion and clinical significance of Ac- 
tinomyces israelii in women using in- 
trauterine contraceptive devices. Am. J. 
Obstet. Gynecol. 131:295-98 

Spencer, J. D., Millis, R. R., Hayward, 
J. L. 1978. Contraceptive steroids and 
breast cancer. Br. Med. J. 1:1024-26 
Steel, J. M., Duncan, L. J.P: 1978. Seri- 
ous. complications of oral contraception 
in insulin-dependent diabetics. Con- 
traception 17:291-95 

Stern, E., Forsythe, A. B., Youkeles, L., 
Coffelt, C. F. 1977. Steroid contracep- 
tive use and cervical dysplasia: In- 
creased risk of progression. Science 
196:1460-62 

Targum, S. D., Wright, N. H. 1974. As- 
sociation of the intrauterine device and 
pelvic inflammatory disease: a retro- 
spective pilot study. Am. J. Epidemiol. 
100:262-71 

Tatum, H. J., Schmidt, F. H. 1977. 
Contraceptive and sterilization prac- 
tices and extrauterine pregnancy: A 
realistic perspective. Fertil Steril. 
28:407-21 


51. 


52. 


53. 


54. 


Ds 


56. 


57. 


58. 


59. 


CONTRACEPTION 343 


Tauber, P. F., Wolf, A. S., Herting, W., 
Zaneveld, L. J. D. 1977. Hemorrhage 
induced by intrauterine devices: control 
by local proteinase inhibition. Fertil. 
Steril. 28:1375-77 

Taylor, E. S., McMillan, J. H., Greer, 
B. E., Droegemueller, W., Thompson, 
H. E. 1975. The intrauterine device and 
tuboovarian abscess. Am. J. Obstet. 
Gynecol. 123:338-42 

Thomson, P., Templeton, A. 1978. 
Characteristics of patients requesting 
reversal of sterilization. Br. J. Obstet. 
Gynaecol, 85:161-64 

Vessey, M. P., Doll, R. 1976. Evalu- 
ation of existing techniques. Is “the 
pill” safe enough to continue using? 
Proc. R. Soc. Lond. Ser. B. 195:69-80 
Vessey, M. P., Wright, N. H., McPher- 
son, K., Wiggins, P. 1978. Fertility after 
stopping different methods of con- 
traception. Br. Med. J. 1:265-67 
Vessey, M. P., McPherson, K., John- 
son, B. 1977. Mortality among women 
participating in the oxford/family plan- 
ning association contraceptive study. 
Lancet 2:731-33 

von Kaulla, E., Droegemueller, W., 
Aoki, N., von Kaulla, K. N. 1971. An- 
tithrombin III depression and thrombin 
generation acceleration in women tak- 
ing oral contraceptives. Am. J. Obstet. 
Gynecol, 109:868-73 

Wood, J. R. 1977. Ocular complications 
of oral contraceptives. Ophthalmic Se- 
min. 2:371-402 

Yoon, I. B., King, T. M., Parmley, T. 
H. 1977. A two year experience with the 
falope ring sterilization procedure. Am. 
J. Obstet. Gynecol. 127:109-12 


. Zipper, J., Stacchetti, E., Medel, M. 


1975. Transvaginal chemical steriliza- 
tion: Clinical use of quinacrine plus 
Con adjuvants. Contraception 


Ann. Rev. Med. 1980. 31:345-60 
Copyright © 1980 by Annual Reviews Inc. All rights reserved 


PERICARDITIS #7365 
AND RENAL FAILURE 


Roger Renfrew, M.D., Theodore J. Buselmeier, M.D., 
and Carl M. Kjellstrand, M.D. 


Division of Nephrology, Department of Medicine, University of Minnesota 
Medical School, Minneapolis, Minnesota 55455 


INTRODUCTION 


The spectrum of pericardial disease in association with uremia has broad- 
ened with the therapeutic advances for end-stage renal failure. The pericar- 
ditis that Bright initially described in 1836 (1) is most certainly a different 
entity etiologically, pathologically, and therapeutically from the pericarditis 
that occurs in well-dialyzed patients of today. 

Pericarditis associated with end-stage renal disease can be categorized 
into uremic, dialysis, and constrictive pericarditis (Table 1) (2). 

Uremic pericarditis occurs in patients with severe end-stage azotemia and 
uremia who have not previously received dialysis therapy. If the uremia is 
not treated, this form of pericarditis indicates a very poor prognosis. If the 
underlying uremia is corrected, the pericarditis will also respond to therapy. 

Dialysis pericarditis occurs in two groups of patients who have already 
been stabilized on chronic hemodialysis. The first are patients who have a 
subclinical effusion detected by echocardiography, and second are patients 
who have clinically detectable pericarditis or pericardial effusion. These 
latter patients may or may not have a preceding exacerbating factor. 

Constrictive pericarditis usually has a subacute or chronic progress, and 
therapeutic implications differ from the other two forms of pericardial 
disease. 

Many authors describing the incidence, symptoms, results, and complica- 
tions of therapy have not clearly distinguished between the groups of peri- 
carditis as classified in Table 1. This probably accounts for wide variation 
in incidence or frequency figures. If one bases the incidence of pericarditis 
on routine screening of asymptomatic patients with echocardiography, the 
result is higher than when the incidence is based on severe clinical symp- 
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Table 1 Classification of pesicarditis in uremic 
and dialyzed patients 


Uremic pericarditis 
Dialysis pericarditis 
Subclinical 
Clinical 
With preceding stress 
Without precedizg stress 
Constrictive pericarditis 


toms. Similarly, if success of therapy is based on treating asymptomatic 
patients with only echocardiography fincngs, the result of therapy will 
appear much better than if one includes =nly patients with severe symp- 
tomatic pericardial disease. 


INCIDENCE 


Uremic Pericarditis 

In their review article, Comty et al (3) concluded, and others have reported 
(4-10), that the incidence of uremic perica-ditis is decreasing. This is dem- 
onstrated both in inter- and intrainstitutiozal studies (11). Prior to the use 
of hemodialysis and in early dialysis series, 1remic pericarditis was reported 
in 30-50% of patients (3-5). More recer series report an incidence of 
3-19% (6, 8), which probably reflects earl-er initiation of dialysis therapy. 
Thus, most of the patients who develop uremic pericarditis are patients who 
begin medical therapy late in the course c? their uremia (8). 


Dialysis Pericarditis 
Pericarditis occurs in from 2-19% of patieats who have been stabilized on 
chronic dialysis (3, 4, 6, 7, 9, 11-14). The ncidence is partially a function 
of the diagnostic tools utilized. For example, autopsies on asymptomatic 
patients who died of other causes will add a number of cases to the clinical 
series of pericarditis (6), and echocardiography may diagnose an effusion 
in 11-28% of asymptomatic patients on caronic hemodialysis (15-18). 
Dialysis pericarditis can develop at anr time after a patient becomes 
stabilized on dialysis therapy (up to 50 months later), but 40% develop 
within the first three months (4, 6, 7, 13, 19). 


CLINICAL PRESENTATION 


Uremic Pericarditis 
The symptoms of uremic pericarditis are less frequent and less severe than 
in dialysis pericarditis, and tamponade is -are (2). It is not, however, an 


PERICARDITIS AND RENAL FAILURE 347 


occult problem—chest pain is reported in 32-83% of the patients (5, 20), 
rubs are heard in 57-100%. of patients (4, 8, 10, 20), and cardiac tamponade 
occurs 7-13% of the time (8, 21-23). 


Dialysis Pericarditis 

It is difficult to obtain accurate data regarding the clinical features of 
dialysis pericarditis alone because they are usually combined with uremic 
pericarditis. The following data are based only on those series that consist 
of at least 60% dialysis pericarditis. The average and ranges of the reported 
series are found in the text and in the figures referred to in the text. 


SYMPTOMS Approximately 30% of these pericarditis patients will have 
no symptoms (9, 24), although nonspecific symptoms such as malaise and 
weight loss (9) are common. A change in mental status also may be noted 
(3) (see Figure 1). 

More specific complaints such as pain, which occurs in 75% of these 
patients, may implicate the cardiopulmonary system (6, 7, 9, 12, 24-26). 
The incidence of pain falls to 47-86% when series based on patients with 
intractable infusions or tamponade are excluded from evaluation (25, 26). 
Definite pleuritis or positional pain is reported in one half of these patients 
(T), and narcotics are required by one third of.them (6, 7). 


SYMPTOMS 


Asymptomatic l T , . 14-33% (29%) 


Malaise 66 %o 
Weight Loss ; 40 %o 


Pain 47-100%(73%o) 
Pleuritic or- 
Positional 


Required 
Narcotics 


52 Ja 
5-52% (33%) 
Dyspnea 40-100% (66%) 


Cough 40% 
O 20 40 60 80 100 %o 





Figure 1 Symptoms reported by dialysis patients who have pericarditis. The most common 
symptoms are pain, dyspnea, and general malaise. 
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Cough and dyspnea are reported in at least 40% of the pericarditis 
patients (9). Dyspnea is found in 93% of t=ose with tamponade or intracta- 
ble effusion (25, 26). 


PHYSICAL FINDINGS A low grade feve- is found in 88% of the patients 
with dialysis pericarditis (6, 7, 9, 12, 25, 2€, and in 96% of them pericardial 
friction rub can be heard (6, 9, 12, 24, 26,27). Because the friction rub was 
a major criterion for the diagnosis of pericarditis, prior to the use of 
echocardiography, these figures probably overrepresent the frequency of 
pericardial friction rub with documentab.2 pericardial disease. A pericar- 
dial friction rub, however, is highly specife for pericarditis (see Figure 2). 

Congestive heart failure is present in atout two thirds of the patients (9, 
26). More specifically, a cardiac gallop -s reported in 66% (9), and an 
increased jugular venous pressure is reporied in 86% (27) of the patients. 


LABORATORY Although leukocytosis is reported in 62% of the patients 
(6, 9, 12), it is usually only mild (6) (Figur 3). Roentgenographic findings 
of the chest are almost uniformly abnorm=al—cardiomegaly is found 99% 
of the time (9, 12, 24, 26, 27), although zt is common in many cases of 
chronic renal failure (17). When a changein cardiac silhouette was looked 
for, it was found in 96% of the patients (6% and is obviously highly specific 
for this disease. Pleural effusion, either bilateral or unilateral, is found in 
slightly over one half of the patients (6, ©. 

The electrocardiogram results are abnornal in 80% of the patients (6, 9). 
Classical electrocardiogram changes of pezicarditis consist of ST elevation 
in two or all three standard limb leads, as well as in the precordial leads, 
without reciprocal ST depressions. The ST segments characteristically have 


PHYSICAL FINDINGS 


Fever 75-100% (88%) 


Rub 75 -100% (90%) 


CHF | 60-100% (68%) 


Elevated CVP | 86% 


Gallop | 66% 


O 20 40 © 80 100% 





Figure 2 Physical findings on patients who devsoped pericarditis while on dialysis. 
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LABORATORY. FINDINGS 
Leukocytosis 40-76 %o (62%e) 


Chest X-Ray 
Cardiomegaly 97 - 100% (99%) 
Change in Silhouette 96 % 
Pleural Effusion 50 - 56%(54%) 


EKG 73 - 85%LB1%o) 
Classic Changes a O - 41% (29%) 
Non-specific 44- 69% (56%) 
Arrhythmia : 19 ~30%(24%) 
Atrial Fibrillation’ 12 -30% (19 a) 


-ECHO 
Asymptomatic 11 -27%(23%) 
Symptomatic i 51 - 1009462 %o) 


SCAN 82 -94%(B8%) 





O 50 100 °%o 


Figure3 Laboratory findings in patients who develop pericarditis while on hemodialysis. The 
10-30% incidence or frequency of positive echocardiography in asymptomatic patients refers 
to results of scanning all patients on dialysis. In any given dialysis population, approximately 
25% will have signs of effusion on echocardiography. Most of this will vanish or remain 
stationary and only a few will progress to symptomatic pericardial effusion. 


an upward concavity. Occasionally, ST depression may be seen in leads V1 
and AVR. Over the next several days, the ST segments return to normal, 
then the T waves become inverted. Q waves do not develop. These classic 
findings are reported in about 30% of the patients with uremic pericarditis 
(6, 9, 24, 27). 

Nonspecific changes that alter with therapy occur in 56% of the patients 
(6, 9, 27). Arrhythmias, atrial in origin, usually occur in about 25% (6, 9, 
12), and atrial fibrillation occurs in one fifth of the patients (6, 25). These 
arrhythmias are sometimes resistant to therapy and may indicate underly- 
ing myocardial pathology (28). 

Echocardiography is extremely helpful to the diagnosis of pericardial 
effusion. Abnormalities of myocardial function, chamber size, and valves 
can also be detected (29, 30). Pericardial effusions are seen as echo-free 
spaces between the epicardium and the posterior pericardium, or anterior 
to the right ventricular wall. It may be difficult to distinguish between a 
posterior pericardial effusion and a pleural effusion by echocardiography. 
The pericardial effusion should disappear behind the left atrium because of 
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the pericardial reflection. Estimates of th= volume of fluid present can be 
made (30), as well as possibly detecting tke deposition of fibrin and locula- 
tion of fluid (29). Rarely, a swinging heart. which correlates with electrical 
alternans on electrocardiography, will be seen. | 

Effusions are found in about one fourth of the asymptomatic patients on 
dialysis and in two thirds of the patients with symptomatic pericardial 
disease (15-18, 24, 27). The absence of de=zctable effusion in some patients 
with pericarditis probably indicates an infammatory noneffusive presenta- 
tion of the disorder. 

Asymptomatic effusions are usually smañ (16, 18), and frequently resolve 
spontaneously (15, 17), Although we classify this phenomenon with dialysis 
pericarditis, there is no evidence that it shares the same implications or 
pathophysiology (17). Of the patients on alysis, 85-95% will at one time 
or another have some echocardiographic abnormality (15, 30), which in- 
cludes left ventricular hypertrophy and diatation, left atrial enlargement, 
hyperkinetic heart, decreased myocardial contractility, valvular abnormali- 
ties, and effusions. 

Cardiac scan results are positive 88% o7 the time (6, 7, 27). The cardiac 
scan is superimposed over the chest roentgenogram to compare the outline 
with the silhouette. 3 


COMPLICATIONS 


The major complications of pericardial =isease in renal failure include 
cardiac tamponade, constrictive pericardiiis, and death (Figure 4). Some 
people suffer from a prolonged course of pericarditis. 


COMPLICATIONS 


Mortality CI] 12-44% (21%) 


Tamponade [IZI] 43-43% (18%) 


Prolonged Course (~~) 18-36%% (31%) 


Constriction 





O 20 40 60 80 100% 


Figure 4 Complications in patients who develop clin.cally symptomatic pericarditis while on 
dialysis. Figures do not include complications in patieats who have asymptomatic pear 
effusion detected by echocardiography. 
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Mortality 

The mortality in patients who develop dialysis pericarditis is 21% (6, 9, 12, 
24) and about 16% of those deaths are directly related to the pericarditis 
(6, 12). The long-term prognosis is probably worse in those patients who 
have developed pericarditis (14). 

Death associated with uremic pericarditis is 48% (4, 5), which probably 
reflects the seriousness of the patients’ condition when they begin hemodial- 
ysis. It may also be somewhat artificial because of recent improvements in 
our ability to treat uremia. As discussed later, uremic pericarditis appears 
to be quite responsive to dialysis therapy. 


Tamponade 

Pericardial tamponade is the most significant and most acutely life-threat- 
ening of the complications of pericarditis. Tamponade occurs in about 20% 
of the patients with dialysis pericarditis (6, 7, 9, 12, 24). This may be an 
underestimation of the threat of tamponade because adequate management 
of pericarditis may prevent the development of full-blown tamponade (12). 
Tamponade appears to be rare in patients who are asymptomatic, with 
small effusions diagnosed by echocardiography alone (17). 

In general, the diagnosis of pericardial tamponade is clinical. The patient 
has hypotension with a narrow pulse pressure, elevated central venous 
pressure, and pulsus paradoxus. These hemodynamic alterations reverse 
after the removel of pericardial fluid (31-33). 

There are some unique aspects of tamponade physiology in uremia. The 
stress of dialysis frequently precipitates hypotension and what appears to 
be tamponade physiology (6, 24). A clue to the etiology of this phenomena 
is found in the report of Alfrey et al (33). They evaluated one patient who 
had a pericardial effusion with elevated right atrial pressure (RAP) and 
intrapericardial pressure (ICP). During dialysis the RAP and ICP fell, but 
not to normal. The cardiac index (CI) and stroke index (SI) also fell steadily 
—ultimately to 50% of their initial values. The femoral artery pressure 
(FAP) was maintained for almost four hours and then began to drop. At 
that point, the patient was hypotensive and had increased right-sided pres- 
sures, suggestive of tamponade. Pericardiocentesis was performed with a 
resultant fall in the RAP and ICP, and an increase in SI and CI, although 
not back to normal. The FAP did not rise initially. This suggests some 
degree of relative volume depletion accounting for the hypotension. 

Alfrey and co-workers also noted minimal changes in the intrapericardial 
electrolytes or osmolality during dialysis, changes that were insufficient to 
account for tamponade during dialysis (33). Echocardiographic changes, 
however, show an increase in the effusion in patients on dialysis (24). 


352 RENFREW, BUSELMEIER & KJELLSTRAND 


_ Another, perhaps unique, aspect of the Lemodynamics of tamponade and 
renal disease, relates to pulsus paradoxus. Although thought to be almost 
universally present in tamponade (31), it is not consistently found in the 
clinical setting of renal failure (33, 34). In dogs it has been observed that 
as hypotension progresses, pulsus paradozus may disappear (33). Patients 
with uremia who do not exhibit pulsus paradoxus, have evidence of signifi- 
cant underlying left ventricular disease (34). In either case, the absence of 
pulsus in a patient with other evidence of tamponade does not rule out 
tamponade physiology. 


Other 


Constrictive pericarditis is probably rare, although an incidence of 12% has 
been reported (6). A prolonged course of pyrexia and chest pain may occur 
in one third of the patients (6, 12). 


PATHOLOGY AND FLUID ANALYSIS 


The pathology of pericarditis associated w-th renal failure was reviewed by 
Baldwin & Edwards (35). 


Uremic Pericarditis 


The surfaces of the pericardium are diffisely involved with a fibrinous 
exudate (36), and fibrinous adhesions are amost always present (37). There 
is a layer of organizing perivascular connective tissue (36), and the pericar- 
dial space may be obliterated by fibrous tissue (36, 37). Inflammatory cells 
are almost all mononuclear, unless a comcomitant bacterial infection is 
present (37). The myocardium may also te inflamed. 

The pericardial fluid is usually serous, end may contain blood (23, 36). 
Over 50 years ago, hemorrhagic effusions accounted for 17% of the effu- 
sions found at autopsy (37). The volume offiuid was variable, ranging from 
zero to two liters (37). 


Dialysis Pericarditis 
The pathology of dialysis pericarditis is basically the same as uremic peri- 
carditis, which probably reflects the limited response of the pericardium to 
stress. Thus, the fibrinous inflammatory reaction that involves both serosal 
membranes is seen. Vascular collagen tissue is laid down and adhesions may 
be formed. Hemorrhage is almost universal (9, 19, 38, 39). 

The fluid is serosanguineous to bloody £7% of the time (12, 13, 19, 26, 
33, 39, 40). The fluid hematocrit varies from less than 1% up to 29% (33, 
40), and is almost always lower than the peripheral hematocrit (40). The 
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level is stable with time, and there is no evidence that red cells enter the 
pericardial fluid during dialysis with regional heparinization (33). 

The fluid is an exudate based on protein ratios with serum (33, 41). The 
white blood count varies from 450 to 7300. There may be neutrophilic 
predominance or there may be no particular cellular predominance. Blood 
urea nitrogen (BUN), creatinine (cr), and glucose do not vary significantly 
from serum values (33). Coagulation studies on hemorrhage effusions, not 
necessarily uremic, demonstrate increased fibrinogen, fibrin degradation 
products, and fibrinolytic activity (42). The volume of fluid varies from 50 
ml to 3 liters (12, 38). 


ETIOLOGY 


The multiple etiologies of pericarditis were reviewed by Spodick (43). The 
dialysis patient is by no means protected from other causes of pericarditis, 
and during diagnosis other, especially the treatable, forms of pericarditis 
should be excluded first. 


Uremic Pericarditis 


Barach concluded in 1922 that uremic pericarditis was the result of azo- 
temia (37). He noted that the average BUN was 269 and that the patients 
were uremic with frequent acidosis and a tendency to hemorrhage. 

Several series demonstrate the role of azotemia in uremic pericarditis— 
the average BUN is 243 and cr is 18.2 (4, 5, 8, 36, 37). Although this is not 
significantly different from the markers of azotemia in patients without 
pericarditis (5, 8), there is a correlation between resolution of pericarditis 
and improvement of azotemia by dialysis (4, 5). Over-hydration may be a 
contributing factor, as one study showed a significant difference in weight 
gain between comparable patients with and without uremic pericarditis 
(11). Further evidence supporting the role of azotemia or fluid overload is 
the responsiveness of this form of pericarditis to dialysis. 

There is no clear-cut etiologic role for infection (36, 37), and age and sex 
are not indicators of risk. 


Dialysis Pericarditis 


In most patients with dialysis pericarditis, a potential precipitant can be 
found. These patients all have azotemia and preceding infections and stress 
are common. Hyperuricemia and evidence of hyperparathyroidism may be 
present, and tamponade frequently occurs during or immediately after 
dialysis. These observations lead to several hypotheses regarding etiologic 
or exacerbating factors in uremic pericardial disease. 
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AZOTEMIA In patients with dialysis peri=arditis, the BUN level averages 
96 and the cr 11.9 (6, 7, 9, 13, 14), significantly lower than in uremic 
pericarditis. There is no difference, however. in average markers of azotemia 
between dialysis patients who develop pericarditis and those who do not (6, 
7, 9, 11, 13, 24). Nerve conduction velocicies are normal (6). 

On the other hand, 30-50% of the patients who develop pericarditis have 
had previous difficulty with biochemical zontrol, often related to shunt 
malfunction or home dialysis (6, 11). Bail=y et al (4) noted that the inci- 
dence of dialysis pericarditis had decreasec in their stable dialysis popula- 
tion since the frequency of dialysis has bezn increased to three times per 
week. 

Peritoneal dialysis has a somewhat lower incidence of dialysis pericarditis 
than does hemodialysis. In a comparison of the two methods, the incidence 
of dialysis pericarditis was 4.3 per 100 pati=nt years for peritoneal dialysis 
vs 8.4 per 100 patient years for hemodiakvsis. This occurred in spite of 
elevated markers of azotemia in the patier-s on peritoneal dialysis (14). 

Thus, although we are discussing a diseass of uremia, the direct contribu- 
tion of azotemia is unclear. Certainly the uremic state predisposes to peri- 
carditis and effusions, yet there must be otaer factors involved. 


INFECTION Up to 90% of patients with zericardial disease in renal fail- 
ure had preceding infections (4, 6, 9, 10, 13, 14, 25, 39) or a viral prodrome. 
Common sites of infections include dialysis vascular accesses, lungs, surgi- 
cal wounds, and blood. On the other hand, direct microbiologic study 
results on pericardial effusions are almost always negative (9, 19) as are viral 
study results (6, 9, 25). A recent paper, however, based on serologic titers, 
has implicated a role for viruses in this syndrome (44). This would correlate 
with the high frequency of a viral prodronse (10, 13, 25). 

On the other hand, of 55 patients with purulent pericarditis who were 
seen from 1943 to 1977 at Johns Hopkins Hespital, 9 (16%) had underlying 
chronic renal failure. This was the second most common underlying disease; 
22% of these patients had another underlyiæg source of infection including 
meningitis, pneumonia, and subacute bacter.al endocarditis (45). Infection 
can only be directly implicated in a minority of cases of uremic pericarditis, 
but because of the ominous implications of purulent pericarditis, this possi- 
bility must be kept in mind. Clinical indicaters of possible purulent pericar- 
ditis include a temperature in excess of 38.557, a white cell count of greater 
than 15,000, or an associated infection. Suspicion should be highest if the 
infection is either contiguous or hematoger us. 


STRESS It is conceivable that the role of -afections is mediated through 
secondary mechanisms. Thus, a previous infection could increase stress and 
catabolic activity, which could indirectly increase the risk of pericarditis. 
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Major surgery has frequently preceded pericarditis (6, 10, 13, 39), but 
Comty and co-workers (6) found only 2% of major operations on uremic 
patients were followed by pericarditis (6). 


ANTICOAGULATION The presence of hemorrhagic fluid and the com- 
mon occurrence of tamponade on dialysis suggest that anticoagulation may 
exacerbate the pericarditis and lead to hemorrhagic tamponade. Thus, in 
most hemodialysis centers, patients are regionally heparinized when peri- 
carditis or effusion is noted (6, 7, 24). 

There is little evidence that anticoagulation plays a significant role in 
dialysis pericarditis. Clinically, systemic heparinization does not appear to 
increase the incidence of pericardial tamponade (5, 9, 17). Effusions have 
been seen by echocardiography to increase in size under regional heparini- 
zation. The possible role of local interference with the clotting mechanism 
has been mentioned (42) as has an alternative hemodynamic explanation for 
acute decompensation on dialysis (33). 


HYPERURICEMIA Hyperuricemia has also been implicated since uric 
acid concentrations are higher in patients with than in those without peri- 
carditis (7, 24). Other series have failed to confirm this finding. The pericar- 
dial concentration of uric acid was reported to be higher than the serum 
concentration (13). Urate crystals have not been detected in the pericardial 
fluid or pericardium (7, 13). 


HYPERPARATHYROIDISM Hyperparathyroidism is a common finding 
in patients with pericarditis (6, 11). In one series, 13% of all patients had 
hyperparathyroidism compared to 20% of the patients with pericarditis (6). 
Other studies have failed to support this etiology (7, 13, 39). 


THERAPY 


Uremic Pericarditis 


Untreated, the prognosis is grim, with an 88% mortality within two days 
to two months (4), but uremic pericarditis responds to the initiation of 
dialysis therapy. Thus, 89% of 154 patients with uremic pericarditis re- 
sponded to dialysis therapy, although the recurrence rate was 15% (4, 6-8, 
11, 20). 

Thus, about 25% of the patients do not respond to dialysis therapy 
or relapse. Most studies of therapy classify these patients as suffering 
from intractable pericarditis and do not separate them from patients with 
dialysis pericarditis. Their further therapy is discussed in the following 
section. 
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Dialysis Pericarditis 


DIALYSIS Dialysis alone is much less suecessful for patients with dialysis 
pericarditis—only 41% of the patients respond (4, 6-8, 11-13) with a 
recurrence from 3-33% (11, 12). Only abo=t one third of these patients will 
recover permanently, and 95% of those who respond do so within 10-14 
days (19). 

Peritoneal dialysis has been advocated cver hemodialysis in the therapy 
of dialysis pericarditis (10). Charcoal hemoperfusion may also offer advan- 
tage over dialysis alone (46). Both of these approaches need further evalu- 
ation, although it seems unlikely that they ~ill significantly expand the role 
of conservative medical therapy for this disorder. 


SYSTEMIC ANTI-INFLAMMATORY AGENTS Systemic steroids do not 
significantly improve the results obtained with dialysis alone (6); indeed, 
possible steroid complications may be responsible for over 25% of the 
deaths (6). Indomethacin has been advocated for treatment (47), but the 
only controlled double-blinded study of thiz drug failed to show any benef- 
cial effect (48). 


PERICARDIOCENTESIS The role of per-zardiocentesis alone is limited. 
Initial success in reducing the size of the effusion and in relieving hemody- 
namic compromise is probably near 80% (13, 21, 27, 40, 49). Recurrence 
occurs in about 70% of those who initially respond to treatment (7, 13, 21, 
27, 40, 49), and the procedure carries an aserage mortality af 16% (7, 12, 
13, 21, 26, 27, 40, 49). Nonfatal complications occur in 6-21% of the 
patients (19, 33, 40). Thus, satisfactory lomg-term results with this proce- 
dure are uncommon. 


PERICARDIAL STEROIDS Buselmeier & al (41) combined the use of 
steroids with pericardiocentesis and improved the results in patients with 
intractable effusions. They combined indwelling pericardial catheter drain- 
age and periodic instillation of triamcincone and vastly improved the 
results over pericardiocentesis alone. This technique has been 97% success- 
ful in relieving effusion in a total of 57 patiznts (13, 41, 50, 51). Only one 
recurrence has been reported (41) and no deaths have occurred (13, 41, 50, 
51). With wider dissemination of the appro=ch, a 1-2% incidence of death 
would be expected, as seen in large series of pericardiocentesis (52). Modifi- 
cations of this approach have included usmg only a single instillation of 
triamcinolone and an indwelling large-bore catheter (50, 51). 


SURGICAL THERAPY Surgical approaches include drainage procedures 
such as pericardial window formation, percardiostomy, and pericardiec- 
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tomy. The drainage procedures are successful 94% of the time although 
these results are marred by recurrence and mortality rates of 6% each and 
a 4% complication rate (7, 11, 12, 38). Complications include infection and 
early closure of the drainage site. Thus, approximately 20% of patients 
undergoing these- procedures have an unsatisfactory outcome. 

With a success rate of 97%, pericardiectomy has been the standard 
treatment for intractable effusions. It has a significant complication rate of 
only 3% and a mortality rate of 1% (7, 19, 21, 27, 38, 39, 49). Recurrences 
are rare but when they occur, they may be related to an incomplete removal 
of the pericardium (19) (Table 2). 


OUR APPROACH Our approach to pericarditis and pericardial effusion 
in renal failure is as follows. If the patient has uremic pericarditis, or di- 
alysis pericarditis preceded by a period of poor biochemical control, we 
initiate daily six-hour dialysis with regional heparinization. We would ex- 
pect a therapeutic response within 10-14. days. If we do not see a change 
in the size of the effusion over two weeks, we consider the effusion intracta- 
ble. 

If the patient has dialysis pericarditis with an effusion and evidence of 
hemodynamic compromise, we believe that a definitive procedure should be 
performed. Likewise, if the patient develops tamponade, that requires emer- 
gent action, or if the patient has an intractable effusion, we recommend a 
definitive procedure. 

For reasons we have reviewed (Table 2), we do not classify pericardi- 
ocentesis as a definitive procedure. If it must be done emergently, at a 
minimum, a catheter should be left in place. 

It is difficult to define a clinical difference in outcome between patients 
treated by pericardiectomy and those treated by intrapericardial steroids 
(Table 2). The results in both cases depend upon the comparative quality 
of the techniques as well as the skill of the operators. We prefer Buselmeier’s 
approach. It is less invasive, is as successful and safe, and requires a shorter 
period of hospitalization (41). 


CONCLUSIONS 


Our understanding of the range of disorders related to pericarditis in end- 
stage renal disease has evolved significantly over the past decade. It is clear 
that there are at least two clinically different entities associated with this 
phenomenon. Uremic pericarditis tends to be a clinically milder disease. It 
is more likely associated etiologically with the accompanying azotemia and 
fluid overload. It is reasonably responsive to the initiation of dialysis 
therapy. 
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Table 2 Results of various treatments for symptomatic pericarditis occurring in dialyzed 
patients 


Failed Rec.:rrence Complications Death 
Therapy No. (%) >) (%) (%) 
Pericardiocentesis 63 20 70 6-21 16 
Pericardial steroids 59 3 2 8 — 
Pericardial window 53 6 6 4 — 
Pericardiectomy 91 3 <=] 3 1 


Dialysis pericarditis is more frequently zssociated with systemic symp- 
toms and signs. Its etiology is unclear. It is more likely to require invasion 
of the pericardial space to achieve lasting <ecovery. 

The management of uremic pericarditis requires a substantial amount of 
judgement by the physician, and meticulous monitoring of the patient. We 
have outlined our therapeutic approach. It & important to keep in mind that 
the pericarditis may have a cause other tian renal failure. Appropriate 
diagnostic studies should be carried out, especially if infective pericarditis 
is suspected. 

Because of the risk of tamponade, all these patients should be monitored 
in an intensive care unit. Chest roentgenograms, echocardiography, and 
careful monitoring of hemodynamic data should be obtained on a regular 
basis. 

If symptoms are only mild and no serious hemodynamic problems occur, 
a ten-day treatment with intensified dialysis can resolve approximately one 
half of these cases. If the patient fails to respond within ten days or develops 
increased pericardial effusion as seen on roentgenogram, echo, or scan, or 
becomes hemodynamically unstable, we ad~ocate pericardiocentesis, either 
blind or under direct vision, followed by an mdwelling catheter and periodic 
instillation of steroids. Some people prefer -> perform pericardiectomy but 
this procedure is much more invasive, requires much more prolonged hospi- 
talization, is not more successful, and has at least as many complications. 
We believe it to be inferior to the therapy cescribed by Buselmeier and his 
associates. 

With present technology and access to medical care, we should be able 
to achieve a mortality rate of dialysis pericarditis, uncomplicated by other 
life-threatening disorders, of less than 1%. 
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The vascular endothelium is a metabolically active tissue of mesodermal 
origin at the interface between blood and the underlying vascular struc- 
tures. Endothelial cells have a number of critical functions that include 
(a) the material transfer of metabolic substances of varied molecular size 
between the circulating blood and the surrounding tissues, (b) the forma- 
tion of a relative barrier to blood cells, macromolecular and particulate 
material, (c) the creation of a synthetic and metabolic interface between 
blood regulatory factors affecting the function of the vascular wall and 
vascular factors that affect the function of blood components, (d) the main- 
tenance of thromboresistance, and (e) the mediation of vascular repair 
processes of cell migration, proliferation, and thrombolysis (1-5). 

The endothelium consists of a stable population of polygonalily shaped 
cells forming a continuous monolayer on the vascular luminal surface. The 
endothelium is not homogeneous: (a) aortic endothelial cells are generally 
thicker than those of capillaries and veins, (b) the endothelium of visceral 
capillaries is remarkable for its fenestrations, and (c) intercellular junctions 
progress from the least complex junctions of the venules to the elaborate 
organization of arterioles, which contain both tight junctions and gap junc- 
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tions (6, 7). It is likely that this structural variation is related to functional 
requirements imposed by blood flow and the characteristics of the tissues 
served. The exchange of materials across the endothelium involves move- 
ment by active vesicles, transendothelial channels, or intercellular clefts. 
Maintaining the integrity of the vessel wall to the egress of blood cells 
depends upon the barrier function of the endothelium and connective tissue 
vascular components, together with the presence of functional platelets 
which seal over gaps that develop in the endothelial lining. In addition, 
platelets may enhance the integrity and ccatinuity of vascular endothelium 
by some other mechanism (8). 

The endothelium contributes to the generation of its underlying connec- 
tive tissue, which is composed primarily of several classes of collagen, 
glycosaminoglycans, elastin, and microfitrils (9, 10). This subendothelial 
structure varies from a well-defined basen-2nt membrane in capillaries to a 
thin, less-well-defined area in the aorta. This connective tissue matrix regu- 
lates to some extent the permeability of the inner vessel wall and provides 
the principal stimulus to thrombosis follcwing vessel injury (11, 12). De- 
fects in the endothelium lead to thrombosis. the nature of which will depend 
on the locus, extent, duration, and type cf endothelial lesion. Endothelial 
disruption directly activates all componemts of the hemostatic apparatus: 
(a) The vessel constricts rapidly. (b) Platzlets adhere immediately to ex- 
posed subendothelial connective tissue structures, particularly collagen 
fibers. Adherent platelets recruit addition=] platelets by releasing platelet 
constituents, including ADP and the prod=cts of arachidonate metabolism 
synthesized during the secretory process. Adherent and aggregated platelets 
enhance vasoconstriction by releasing ttromboxane A, and vasoactive 
amines. (c) Coagulation is initiated throægh the intrinsic system by the 
activating effect of collagen and elastin ca factor XII, and through the 
extrinsic system by tissue factor activaticn of factor VII to form fibrin. 
(d) Fibrinolysis follows the release of plasntinogen activators from damaged 
vascular intima (13-16). 


THROMBORESISTANCE 


One of the basic functional characteristics cf intact, normal endothelium is 
its nonreactivity to platelets, leukocytes, o- coagulation systems. The sur- 
face properties conferring this thromboresistant state may be a consequence 
of certain cell surface glycoproteins, the so-called glycocalyx, or the surface 
charge produced by these cell surface components. Moncada et al (17) 
described the synthesis of prostaglandin I, (GÅ) by blood vessel rings and 
observed that this prostaglandin inhibited platelet aggregation and, at high 
concentrations, platelet adhesion. Moreover, modulation of PGI, produc- 
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tion by injury factors including activated clotting enzymes serves to limit 
locally any hemostatic response (18). The capacity of the endothelial lining 
to regulate PGL, production is thought to be one mechanism contributing 
to the nonthrombogenic properties of intact vascular endothelium. It has 
not yet been shown that PGI, synthesis plays an important role in maintain- 
ing endothelial thromboresistance under physiological condition. Endo- 
thelial desquamation results in a loss of PGI,-synthesizing surface as well 
as exposure of subendothelial connective tissue structures; thrombus forma- 
tion results. 

The recently developed technology for the in vitro study of the biologic 
properties of vessel wall cells in isolation has greatly contributed to our 
understanding of the interaction of platelets, plasma coagulation factors, 
and the endothelium (5, 19). Cultured endothelium, but also cultured vas- 
cular smooth muscle cells and to a lesser degree fibroblasts, can be stimu- 
lated to synthesize PGI, from endogenous arachidonate (20, 21). The 
endothelium apparently does not utilize exogenous PGI, precursors such 
as might be provided by the platelet unless platelet thromboxane production 
is inhibited (22, 23). 

PGI, production is sensitive to inhibitors of the enzyme cyclooxygenase 
such as aspirin. Thus, aspirin, an inhibitor of platelet function, might para- 
doxically enhance thrombosis by inhibiting endothelial cell PGI). Previous 
studies employing aspirin as an antithrombotic agent may not have been 
ideal because the aspirin concentrations achieved might have inhibited 
endothelial cell PGI, production (24). In this regard, specific inhibitors of 
platelet thromboxane synthetase have been postulated to have an additive 
antithrombotic effect by providing platelet endoperoxides to vessel wall cells 
for possible PGI, synthesis (25). PGI, also relaxes vascular smooth muscle 
(26). While it is possible that a relative reduction in PGI, might contribute 
to arterial spasm and thereby contribute to coronary and carotid insuff- 
ciency syndromes, there is little evidence to date that PGI, circulates in the 
resting, nonstimulated state. 

The interaction of coagulation factors with the vessel wall has implica- 
tions for the regulation of hemostasis and thrombosis. Thrombin binds to 
cultured endothelial cells (27) and is reported to increase the production of 
PGI, (20). Somewhat paradoxically, this binding of thrombin leads to 
increased platelet adherence to the endothelium in vitro (28). 

Factor VIII: von Willebrand factor is associated with the endothelium 
in vivo and in vitro (29, 30). The association of this protein with the 
endothelium is of interest since Factor VIII:von Willebrand factor is 
necessary for platelet adhesion to vascular subendothelium in high shear 
systems, such as the capillaries and arteries (31). Endothelial cell synthesis 
of this protein has been reported (30). Recent studies suggest that the 
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association of Factor VIII and endothelial cells is at least in part also due 
to binding of the protein to the endothe-al cell surface (32). The bound 
Factor VIII:antigen can be released by 8-adrenergic stimulation, and is 
probably available for mediating platelet zdhesion at sites of intimal dam- 
age. 


ARTERIAL VASCULAR DISEASE 


Fibromuscular intimal plaques are induced in experimental animals by 
mechanical, chemical, and immune endczhelial cell injury (33-35). The 
resultant lesions are similar to early atherosclerotic lesions in man. Intimal 
lesion formation following experimental er Jothelial cell injury is dependent 
on platelets (36, 37). Platelets are now kr>wn to contain a growth factor 
in their a-granules that is necessary for smooth muscle cell proliferation in 
vitro (38-40). 

Recent studies suggest that the amount of endothelial cell desquamation 
determines the rate of platelet consumpton (Table 1), and in turn the 
severity of the intimal smooth muscle ce lesion (34, 41). Repair of the 
endothelial lesion occurs by migration of adjacent intact cells into the lesion 
and subsequent generation of new cells b=hind the leading edge (42-44). 
Preliminary evidence suggests that this prozess is followed by regression or 
lack of progression of the smooth muscle zell lesion (45, 46). 

Examination of the aortae of experimen=l animals clearly demonstrates 
focal areas of increased endothelial cell turnover in the normal animal (47, 


Table 1 Platelet consumption by the aortic subenInthelium of monkeys? 


Length of c2endothelizlized aortic segment (cm) 


Platelet 0 10 20 
Recovery following balloon 
catheterization (%) 85 +4 69 45> 53.456 
Survival (days) 
0 (injury) week 8.0 +0.6 5.4+0.55 3.3 +9.46 
1 week 8.1 +0.5 6.6 + 0.6? 4.9 +0.5? 
2 weeks 7.9 +0.6 7.8 +0.5 6.1 +0.65 
3 weeks 8.0 +0.5 8.0 +0.5 7.7 +0.5 


8 Aortic deendothelialization was produced in maz keys (Macaca nemestrina) by balloon 
catheter desquamation of 10 or 20 cm segment wf aorta. The animals’ platelets were 
previously labeled with 51Cr. Sixteen and 32% c” the circulating 51Cr-platelets disap- 
peared immediately following the removal of the endothelium from a 10 and 20 cm seg- 
ment, respectively. Similarly platelet survival was reduced by an amount that was related 
to the area of exposed subendothelium. Catheter&ed control animals ere shown in the 
“0” desquamation column. Normalization of plate.+t survival occurred over two to three 
weeks. Each value represents the mean (+ 1 SD) of at least six animals. 

bP < 0.01 
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48). These focal areas occur throughout the aorta but are increased at vessel 
branch points and are associated with increased permeability as evidenced 
by vital dye staining. At such sites of increased cell turnover and decreased 
cell density, endothelial cells appear to internalize more surface-bound 
material, such as low density lipoprotein cholesterol, than occurs at conflu- 
ent dense sites (49, 50). This mechanism might account for the increased 
permeability at these sites. 

We recently described a platelet constituent that stimulates the migration 
but not the proliferation of endothelium in vitro, but both the migration and 
proliferation of smooth muscle cells (51). The chemical identity of this 
factor is not yet known. We hypothesize that this factor induces the migra- 
tion of medial smooth muscle cells into the intima following endothelial cell 
desquamation and perhaps contributes to the endothelial repair process. In 
this regard, macrophages secrete a factor(s) that stimulates the preconfluent 
growth of cultured endothelial cells (52). Endothelial cells in culture release 
a factor(s) that can enhance smooth muscle cell proliferation (53, 54). The 
physiologic role of this factor has not been established. 

We have examined the potential for using hyperlipidemia-induced altera- 
tions in the endothelium in vitro to explore the mechanism underlying the 
relationships between hypercholesterolemia and atherosclerosis. In an aga- 
rose migration assay, serum and plasma from individuals homozygous and 
heterozygous for familial hypercholesterolemia markedly inhibited endo- 
thelial cell migration (Table 2) without evidence of cell injury as measured 
in vitro by *'Cr release and detachment assays (55). We postulate that 
inhibition of migration may contribute to the decreased endothelial cover- 


Table 2 Effect of familial hypercholesterolemic sera on endothelial cell de novo surface 
coverage 


Whole blood serum/ 
normal 


Whole blood serum 


Area covered 


Cell-free 


plasma-derived serum 


Area covered 


cell-free 


plasma-derived serum? 


Area covered 


Chol/tri 

(mg/dl) (mm2) Percent (mm?) Percent (mm2) Percent 
Control (189/125) 37.2 +4.3 100 22.1 1.3 100 30.3 + 2.0 100 
Patient A (652/112) 18.4 +0.9 49b 12,5 +1.9 57b 24.9 + 2.2 85c 
Patient L (520/117) 19.243.1 52b 10.941.1 49b 21.7 +3.4 72d 
Heterozygote 
pool (382/134) 21.0 +5.2 57b 


4A mixing experiment with cells plated in normal or patient whole blood serum but normal cell-free 
plasma-derived serum is used to constitute the agarose gel to test for correction by the normal serum. 
Variance about the mean is + 1 SD. 


bP < 0.0001. 


cP<9.01. 
áP < 0.001. 
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age either during growth of the artery cx following endothelial cell loss. 
Serum from patients with mixed hyperlipidemia and hypertriglyceridemia 
had no effect in these assays. 

Of potential significance in the pathogenesis of arterial vascular disease 
is the observation that sulfhydryl compou=ds at a concentration of 0.1 mM 
cause the desquamation of endothelial calls from a connective tissue sub- 
strate in vivo and from plastic in vitro. Higher concentrations of these 
agents result in endothelial cell disruption. By comparison smooth muscle 
cells are relatively resistant to these agents (56). Homocystinuria is charac- 
terized by elevations of the sulfur-contaiing amino acids homocysteine, 
homocystine, and methionine; it is also assnciated with thrombotic vascular 
disease and premature atherosclerosis. S=milar lesions can be induced in 
primates by the continuous intravenous infusion of homocysteine (34). 
Since homocysteine is a sulfhydryl-contat-ing compound, it may produce 
focal endothelial cell loss in vivo, allowizg for platelet-mediated smooth 
muscle cell migration and proliferation. Moreover mixed disulfides are 
found in the plasma of individuals with eecelerated atherosclerosis in the 
absence of cystathionine synthetase deficimmcy, which suggests that an in- 
creased production of sulfhydryl compourels in these patients may contrib- 
ute to their atherosclerotic process (57). 


ACUTE SMALL VESSEL THRGMBOSIS 


Small vessel thrombosis is primarily a platelet-consumptive event (58) re- 
sulting in thrombocytopenia, red cell fragmentation and organ dysfunction. 
Disorders such as thrombotic thrombocytc>enic purpura (TTP), the hemo- 
lytic-uremic syndrome, malignant hypertension, eclampsia, and some forms 
of collagen vascular disease are characterized by evidence of endothelial cell 
injury, subendothelial deposits of a hyaline-ike material composed of plate- 
let and plasma proteins, and occlusive thrombi (59). Some of these disorders 
might result from acute widespread endocielial cell injury. To study this 
possibility directly, we examined the serun and plasma from seven individ- 
uals with classic TTP by using an endothe.al cell °'Cr release assay. Heat- 
inactivated sera were not cytotoxic to endc@helium. However, sera from six 
of the seven patients produced significar: specific release following the 
addition of fresh complement to the heat-izactivated serum. The sera were 
generally positive against multiple single-donor endothelial cell sources. 
Since six of the patients had also received at least some transfused blood 
products within a week to 10 days prior > obtaining the test serum, we 
could not exclude the possibility of alloantibody-mediated cytoxicity. 
Subsequently, two patients with TTP wH» had never been transfused or 
pregnant were studied. The serum from on= of these patients demonstrated 
cytotoxicity, while the second patient’s saxum was negative when tested. 
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The positive assay became negative during remission in the one long-term 
survivor from whom such a sample could be obtained. The serum factor 
could be absorbed by unrelated cultured endothelial cells and was not 
cytotoxic for cultured vascular smooth muscle cells. The separated lym- 
phocytes of these patients were not cytotoxic for endothelial cells tested 
(60). 

These preliminary observations, the possible clinical benefit of platelet- 
inhibitory agents in the treatment of this disease (61), and perhaps more 
important the excellent response of TTP patients to intensive plasmaphere- 
sis with 5% serum albumin replacement (62), suggest to us that at least 
some patients with TTP may have a process of autoimmune endothelial cell 
injury going on in the microvasculature. Indeed, acute endothelial cell 
injury may be involved in the development of a wide variety of small vessel 
diseases. 

It has been suggested recently that TTP is a consequence of a plasma 
factor deficiency leading to unrestrained platelet aggregation. The corollary 
of this hypothesis is that TTP can be treated with large volume plasma 
infusion (63). Unfortunately results with such therapy are not uniformly 
successful, and the putative factor has not been identified (64). We suggest, 
therefore, that TTP be treated initially with intensive plasmapheresis using 
5% albumin replacement together with antiplatelet agents. Blood compo- 
nent therapy should be given for replacement of depleted clotting factors 
and blood elements lost during the process of plasmapheresis. Clearly, the 
underlying mechanism(s) of TTP has not been definitively demonstrated. 

Endothelial cells may play an important role in the clearance of immune 
complexes associated with various vasculitis syndromes (65) through a local 
stimulus to complement activation and neutrophil response. We have been 
unable to find Cy, and Fc receptors on freshly isolated endothelial cells, but 
other factors such as blood flow, complex size, or the nature of the antigen 
may be considerations. 

Injection of endotoxin into experimental animals reportedly produces an 
increased endothelial cell turnover in large vessels and thrombosis of the 
microvasculature (66-68). Endothelial cell injury in this situation could 
release tissue factor and initiate the extrinsic clotting mechanism, as well 
as expose the subendothelium to plasma and activate the intrinsic system. 
Platelet thrombosis at such sites might also occur. In an interesting study 
of the Shwartzman phenomenon, infused endotoxin appeared to bind to the 
blood vessel wall and to lead to vessel injury and thrombosis when the vessel 
was reperfused with whole blood (69). The roles of lipopolysaccharide, 
blood neutrophils, and complement in endotoxin-dependent thrombotic 
disease remain to be defined. The use of anti-inflammatory agents in the 
prevention of these endotoxin-dependent events is currently under active 
investigation. 
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VENOUS THROMBOSIS 


The mechanisms underlying venous throribosis are less well defined than 
those underlying arterial thrombosis. Both platelets and coagulation factors 
are consumed during the formation of venous thrombosis in contrast to 
selective platelet utilization in arterial and microvascular thrombosis (70). 
The effectiveness of platelet-inhibitory agents in arterial thrombotic disor- 
ders, including prosthetic grafts and perhaps coronary and carotid disease, 
and the effectiveness of heparin in venous disease, are consistent with the 
kinetic data (71, 72). The initial events in venous thrombosis are poorly 
understood and the role of endothelial cell mjury is speculative. Stewart and 
co-workers (73) observed increased neutrophil sticking to venous endo- 
thelium in operated animals followed by evidence of endothelial disruption. 
In another study (74) continuous infusion cf lidocaine, to inhibit neutrophil 
function, effectively decreased the incidence of post-operative venous 
thrombosis in humans. These results suggest a role for inflammatory endo- 
thelial cell injury in the genesis of some episodes of venous thrombosis. 
However, direct trauma and stasis to the venous system appear to predomi- 
nate in the genesis of most venous thromEotic events. 


CONCLUSION 


Endothelial cell injury may be a common -nechanism in the development 
of many forms of acute and chronic vascu_ar disease. At present, the evi- 
dence for a pathogenetic role of endothel:al injury is primarily based on 
experimental models, but the opportunity to study endothelial cells in 
culture allows for additional direct testinz of this hypothesis. Therapies 
implied by this postulate include measures 10 prevent endothelial injury, to 
protect the endothelium from injury, to mcdify neutrophil interaction with 
the vessel wall, and to inhibit platelet function. An example of such an 
experimental approach is the attempt to modify homocysteine-induced ex- 
perimental atherosclerosis. Dipyridimole, an agent that inhibits platelet 
adhesion, prevented lesion formation without any measurable effect on 
endothelial cell desquamation. Sulfinpyrazone also prevented the smooth 
muscle cell lesion but appeared to act at least in part by protecting endo- 
thelial cells from the desquamative effects of injury (75). 
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INTRODUCTION 


Giardia lamblia was first discovered by Leeuwenhoek (1681), who found 
the parasite in his own stools. It was long considered a harmless commensal 
organism but in recent years has been recognized as a cause of intestinal 
disease often acquired by travelers to foreign countries (1, 2), persons 
drinking contaminated water in this country (3, 4), children in day care 
nurseries (5), and homosexual males (6). It is the most common pathogenic 
intestinal parasite in the United States, being found in 4% of stool speci- 
mens submitted to state public health laboratories for parasite examination 
(7). Attesting to its increasing importance in the United States, a sym- 
posium on giardiasis, sponsored by the Environmental Protection Agency, 
was held in the Fall of 1978 (8). 


EPIDEMIOLOGY 


In the United States the incidence of Giardia varies greatly in different 
surveys depending on the methods used and the population surveyed. Inci- 
dence data from various studies in the US have recently been reviewed (9). 
The incidence is greater in countries with poor sanitation. The cysts are the 
important stage in transmission of the infection and were experimentally 
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shown to survive in water and remain mfective for up to 16 days (10). 
Giardia cysts are readily demonstrated in raw sewage but are destroyed by 
anaerobic digestion in sewage treatment plants (11). 

Originally it was thought that there were numerous Giardia species 
which were quite host specific and that cfferent species infected different 
mammalian hosts; however, it is now generally agreed that there are two 
morphologically distinct species which inct mammals (12). One of these, 
Giardia duodenalis (includes G. lamblia}, naturally infects man, beaver, 
coyote, cattle, cat, and dog and can experimentally infect some other mam- 
malian species (13). Giardia muris infects primarily mice and rats. 

Giardiasis is endemic in the United Staæs, but outbreaks are recognized 
with increasing frequency and certain groups are more likely than others 
to become infected. Twenty-three waterbarne outbreaks of giardiasis have 
been reported in the United States sincz 1965 (3). Campers have been 
infected by drinking untreated mountain stream water in Utah (14) and 
Colorado (15) and beavers have been imp-icated as a reservoir (4, 13). The 
beavers have probably acquired the infection from man and have served as 
an amplification reservoir. 

Several large outbreaks have occurred as a result of raw sewage con- 
taminating municipal water supplies [Aspen, Colorado (16) and Vail, Colo- 
rado (17)] or from inadequate water treatment systems [Rome, New York 
(18) and Washington, New Hampshire «19)]. Chlorination alone, while 
effective in killing enteric bacteria, may not always kill Giardia cysts. 
Proper sedimentation and filtration are recuired to remove cysts from sur- 
face water. In one of the outbreaks (18) cysts were demonstrated in treated 
water and shown to be infective for dogs. 

Giardiasis, probably acquired from water, is a common problem in trav- 
elers returning from foreign countries. Increased risk for contracting infec- 
tion has been shown for the Soviet Unicn (particularly Leningrad) (1), 
Mexico, Western South America, Southeast Asia, the Middle East, the Far 
East, and Southern Asia (2). 

Giardiasis has also been a problem in dey care centers where it is proba- 
bly spread by fecal-oral contamination (5). Incidence is high in homosexual 
males in whom it is associated with the practice of anilingus (6). Infection 
can also be spread by contaminated food (20). 


PATHOGENESIS 


Epidemiologic and experimental data suggest that individuals and various 
strains of experimental animals (21) differ in their susceptibility to infection, 
and that strains of G. lamblia differ in virulence. Immunocompromised 
individuals are particularly likely to develop serious long-lasting infection 
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(22). Experimental studies have shown that as few as 10 cysts can infect man 
(23) and one cyst can infect the mouse (24). The organisms excyst in the 
stomach or upper small intestine. Persons with achlorhydria appear to be 
more susceptible to infection (25). Trophozoites infect the duodenum and 
upper jejunum and are most numerous at the bases of the microvilli where 
they live in the unstirred mucus layer or attached to the mucosa by the 
ventral disc (26). Attachment is achieved by contraction of the periphery 
of the disc (27) and/or hydrodynamic forces produced by the ventral 
flagella (28). Factors that lead to release of attached organisms and to 
encystment are not clear. Patients may have numerous trophozoites in the 
upper intestine without cysts in feces, particularly early in infection (29). 
Some patients regularly pass large numbers of cysts in stools, some pass low 
numbers, and some pass variable numbers in a cyclic fashion (30). Infection 
is limited to the upper smail intestine but the reasons are not clear. One 
suggestion is that the alkaline pH may be more favorable (31). Nutritional 
factors or specific receptors on the brush border of mucosal cells (32) have 
also been proposed. 

Several theories for the pathogenicity of Giardia have been proposed. 
Mechanical blockage of the brush border by numerous parasites was sug- 
gested (33), but much of the brush border is not covered by organisms (26), 
the majority being unattached in the mucus layer. Mechanical irritation of 
mucosa by organisms may be important but has not been proven. Produc- 
tion of toxic substances by the organisms has been suggested; however, 
culture filtrates do not cause intestinal damage in the rabbit (34). Bile salt 
abnormalities have been proposed (35) but not confirmed (34). Associated 
bacterial overgrowth may contribute to severe malabsorption in some but 
not all patients (36). Treatment to eradicate the bacteria without treating 
the Giardia has not been effective (37). A recent study from India has 
suggested a possible interrelation between G. lamblia and jejunal coloniza- 
tion with Candida albicans (38). 

The role of the immune system in the pathogenesis of giardiasis has been 
studied in man and in mouse models and recently summarized (39). Both 
humoral and T-cell immunity appear to be important. Penetration of 
Giardia trophozoites through breaks in the mucosa (32) or by actual inva- 
sion (40) to intestinal lymphoid tissue may be important in the development 
of an immune response. Mice infected with large inocula of G. muris had 
a more rapid onset of infection, were sicker, and cleared the infection more 
rapidly than those receiving small inocula (41). Those with the shortest 
primary infections had the greatest resistance to reinfection. Increased resis- 
tance to reinfection has also been noted in man but reinfection may occur. 
Infection in nude (athymic) mice persisted for a much longer time than in 
immunologically intact mice (42). Nude mice reconstituted with lymphoid 
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cells from nonimmune mice cleared the irrection faster than nude controls. 
Those reconstituted from previously infected mice cleared it even faster 
(21). Thymus-derived lymphocytes have t2en noted to cross.the epithelium 
and attach to trophozoites in the lumen. 

These observations suggest that thymus-derived lymphocytes are impor- 
tant in clearing the infection. After treatment, nude mice were susceptible 
to reinfection although the infecting dose required was higher than for nude 
controls that had never been infected; this suggests that humoral immunity 
also plays a role (42). Antibody can be demonstrated in some persons 
infected with Giardia (43, 44). The exact zole of the various immunoglobu- 
lins is not clear (39). 

Pathologic findings vary greatly (26, 34" ranging in biopsies from normal 
intestinal morphology to changes resembling sprue. Abnormalities may 
include decreased villus-crypt ratio, increased epithelial cell turnover, local 
acute inflammation, round cell infiltratica, and hyperplasia of lymphoid 
nodules. Intercellular inflammatory cells ray be present in the mucosa. The 
severity of morphologic changes correlates with the clinical severity of the 
disease (34) in some but not all patients. Although there was some mor- 
phologic change in the mucosa of infect2zd nude mice, if the mice were 
immunologically reconstituted with lymphoid cells from previously in- 
fected mice, the morphologic changes were much more severe with a de- 
creased villus-crypt ratio and increased ce_ular infiltration. This shows that 
the T-cell system is important in the patkogenesis of mucosal lesions (21). 
Much still remains to be learned about tze pathogenesis of this infection. 


CLINICAL DISEASE 


The incubation period varies but is generally one to three weeks and aver- 
ages 9.1 days (10). Giardia infection can se asymptomatic but may cause 
various clinical manifestations (45-47) razging from mild transient intesti- 
nal complaints that resolve spontaneously to severe long-standing disease 
with malabsorption and debilitation. 

Acute infection is most severe and is czaracterized by the sudden onset 
of explosive, foul-smelling, watery diarrleea that is free of blood or pus. 
There is abundant intestinal gas manifested by abdominal distention, foul- 
smelling flatulence, and/or belching. Abcominal cramps are common and 
usually are upper to mid epigastric (in contrast to most other causes of 
diarrhea, which cause periumbilical or lower abdominal cramps). Greasy, 
frothy stools that float on toilet water are typical. Anorexia and nausea are 
common and vomiting occurs in some patients. Systemic manifestations 
may include generalized weakness, chills, and low grade fever. Weight loss 
is common. The duration of acute clinical manifestations varies greatly. In 
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some patients they last for only three or four days and in others for months. 
In most patients the acute disease lasts one to four weeks. The acute 
infection commonly resolves spontaneously and organisms disappear from 
the feces. Some patients become carriers for a period and have no additional 
clinical manifestations. Still others may have recurrences of clinical symp- 
toms. In occasional patients acute. infection persists and leads to malabsorp- 
tion syndrome with steatorrhea, lassitude, and marked weight loss. Some 
patients may have a persistent lactase deficiency after treatment and symp- 
toms of this should not be confused with recurrence of infection. 

Subacute infection is characterized by mild or moderate symptoms, often 
without history of more severe acute infection, and may last for months or 
years. It is characterized by intermittent episodes of mushy foul-smelling 
stools with mid epigastric pain or substernal burning, and increased disten- 
tion, foul-smelling flatulence, and belching. There are often anorexia, 
weight loss, fatigue, and a general unwell feeling. 

Chronic infection is a mild, persistent infection that may or may not have 
been preceded by an acute or subacute infection. It is characterized by 
periodic episodes of mushy foul-smelling stools with increased flatulence 
and abdominal distention. There may be substernal burning but cramps are 
uncommon. Anorexia is sometimes noted during exacerbations. 

Subacute and chronic infection are likely to be confused with peptic ulcer, 
gallbladder disease, or hiatal hernia; giardiasis should be considered in the 
differential diagnosis of these conditions. 


DIAGNOSIS 


The principal method of diagnosis is demonstration of the organism in fecal 
specimens or material from the upper small intestine. Fecal examination is 
the easiest and will allow diagnosis of most infections. However, stools may 
be negative in the early stages of infection (29) and in patients who shed 
organisms in a cyclic pattern (30). Three separate stools, one collected every 
second or third day, are recommended. Purgation does not offer any advan- 
tages. Three stool examinations will detect over 90% of infections that can 
be diagnosed by stool examination. Stools generally contain only cysts but 
the more fragile trophozoites are sometimes found, especially in diarrheic 
specimens. 

Formed specimens, which contain the more hardy cysts, can be examined 
within 24 hours (longer if refrigerated) or can be placed in fixatives. How- 
ever, diarrheic specimens should either be examined within one hour or 
should be placed in fixatives such as polyvinyl alcohol fixative (for perma- 
nent stains) and formalin or merthiolate iodine formalin (for direct exami- 
nation and concentration). 
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Most reported studies have examined resh or fixed specimens by only 
direct examination and concentration. Hosvever, a recent report (48) found 
that of 21 positive specimens, organisms were demonstrated in five by 
chlorazol black and in three by trichrome permanent stains but not by 
direct examination or concentration methods. This study suggests that use 
of permanent stains of feces may improve the detection of Giardia. Barium, 
antibiotics, antacids, kaolin products, paragoric, many enema preparations 
and oily laxatives may interfere with labo-atory procedures or may lead to 
disappearance of parasites from stool. Examination of the stool or upper 
intestinal material should be delayed for 5 to 10 days after the patient has 
received these substances. 

Patients suspected of having giardiasis who have negative stool examina- 
tion may have trophozoites in the upper small intestine which can be 
demonstrated in intestinal fluid or biopsy. Upper intestinal fluid can be 
obtained by passing a tube into the small intestine and aspirating, or by a 
commercially available string test (49) (Enterotest® HEDECO Company, 
Mountain View, California), in which a string tied to a weighted capsule is 
swallowed with the proximal end taped t> the patient’s cheek. The string 
is later retrieved and fluid from the bile-stained distal portion is examined. 
Intestinal fluid may be examined both by wet mounts and permanent stains. 
It is best to contact the laboratory prior te submitting the specimen and to 
obtain the specimen during regular working hours. These specimens must 
be transported to the laboratory promptly. A recent publication suggests 
that secretin stimulation prior to obtaining intestinal fluid specimens may 
increase the yield of positive material (5C). Upper small intestinal biopsy 
may be examined by preparing Giemsa-stained smears of the mucosal sur- 
face and/or by preparing histologic sectiors and examining them for organ- 
isms and pathologic changes (51). 

It is important that the laboratory personnel be competent in identifica- 
tion of intestinal protozoa. Results of a survey program show that signifi- 
cant numbers of laboratories have difficult; identifying Giardia cysts in wet 
mounts (52); however, there has been im>rovement in recent years. 

Occasional patients have a strong clin.cal and epidemiologic basis for 
suspecting giardiasis, but organisms cannot be demonstrated by any of the 
above methods. Empiric treatment with quinacrine hydrochloride should 
be considered before giardiasis is ruled out (45). 

Serologic methods have recently been reported (43, 44). An indirect 
fluorescent antibody test using axenically cultured G. lamblia (44) is being 
developed by the Center for Disease Contre] and shows promise. Hopefully, 
a useful serologic test will be available before too long. 

Although radiographic abnormalities o7 an inflammatory bowel disease 
pattern are seen in some patients, in most Ihe small bowel appears normal. 
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Patients with malabsorption syndrome may have radiographic changes 
similar to those in sprue (53). 

When specifically tested, patients often have laboratory evidence of 
malabsorption (37) with lactase deficiency, steatorrhea, low serum carotene, 
abnormal D-xylose excretion, and abnormal B, absorption. However, gen- 
erally the above studies are not indicated as they improve following specific 
treatment. 


TREATMENT 


Quinacrine hydrochloride (Atabrine®) is considered the treatment of choice 
for giardiasis by most workers. The recommended dose for those 8 years 
old and above is 100 mg three times a day for 7 days. For younger children, 
the recommended dose is 2 mg/kg three times a day for 7 days. Cure rates 
of at least 90% are reported by most workers (45, 54). One remarkable 
exception to these excellent results is a recent report from London where 
Giardia was eradicated in only 5 of 8 (63%) patients given this drug (37). 
Side effects are not uncommon with quinacrine; these may include nausea, 
vomiting, headaches, dizziness, and yellow discoloration of the urine (45, 
54). Rarely, fever and severe skin rash may occur. A reversible toxic psy- 
chosis of either depression or excitation may occur, particularly in adults 
(2), and patients should be forewarned of this possibility. Yellowing of the 
skin and sclerae rarely occur in doses used for giardiasis. Alcohol is con- 
traindicated with quinacrine use, and quinacrine should not be taken by 
psoriatics, or taken together with primaquine. 

Metronidazole (Flagyl®) is frequently prescribed for giardiasis. In this 
country the usual recommended adult dose is 250 mg three times a day for 
7 days, and for children 5 mg/kg three times a day for 7 days. Cure rates 
in these doses in adults are somewhat less than with quinacrine, in the range 
of 86% (45). It appears that metronidazole in the usual recommended dose 
is less effective for acute than established infections (45, 55). This is perhaps 
related to the excellent absorption of this drug. In England, metronidazole 
in a single 2.0-g dose for 3 successive days produced a parasitological cure 
rate of 91% (37). As metronidazole is unapproved by the Food and Drug 
Administration for treatment of giardiasis in the United States, these higher 
doses cannot be recommended; also, the effectiveness and tolerance of this 
regimen are no better than with quinacrine. A recent comparison of four 
dosage schedules carried out in Finland on returnees from the Soviet Union 
showed the highest cure rate (93%) to be with a course of 200 mg three 
times a day for 7 days followed by an identical course given after a 7 day 
interval (56). Tolerance to metronidazole is generally better than with 
quinacrine. Side. effects may include metallic taste, dark discoloration of 
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urine, nausea, and headache (45, 54). Monilial infections of the vagina or 
gastrointestinal tract may follow after metronidazole treatment. Met- 
ronidazole has a well-recognized disulfuram-like reaction when taken with 
alcohol. Metronidazole has been found tc be carcinogenic in mice, but not 
in hamsters; it is mutagenic in bacteria and there is controversy concerning 
its use in non-life-threatening infections 37). 

Furazolidone (Furoxone®) has been fownd to be effective and well toler- 
ated in studies abroad (58, 59). It is the only anti-Giardia drug available 
as a suspension in the United States, makmg it particularly useful in young 
children. Side effects, however, are not uncommon. These include vomiting, 
diarrhea, nausea, and fever. Hypersenstivity reactions have occurred 
rarely, such as hypotension, urticaria, amd serum sickness. Furazolidone 
may cause mild reversible hemolysis in zlucose-6-phosphate dehydroge- 
nase-deficient individuals. It is a monoemine oxidase inhibitor and can 
precipitate a disulfuram-like reaction witk alcohol. Brown discoloration of 
the urine may occur, caused by a metaboliz. Also troublesome has been the 
induction of mammary tumors in rats, which led the Food and Drug 
Administration to question its use in humans; with satisfactory warnings 
included in a revised package insert, the drug is approved in the United 
States for treatment of giardiasis. Recommended dosage for adults is 100 
mg four times a day and for children 6 mg/kg/day in four divided doses, 
for 7 days. 

A number of other drugs including tinidazole (Fasigyn®) (55) and 
nimorazole (59) have been found useful abroad, but these drugs are not 
licensed or available in the United States. 

None of the three available drugs in Ihis country has proved safe in 
pregnancy, and if used at all during pregnancy they should be administered 
only when severe symptoms are definitely attribuiable to giardiasis and 
benefit is judged to outweigh potential risk. Quinacrine has been used in a 
small number of highly symptomatic pregaant women without recognizable 
deleterious effects on the fetus (47). 

There is some difference of opinion ove- the necessity of treating asymp- 
tomatic cyst-passers. Since the potential exists for the development of inter- 
mittent chronic symptoms in asymptoma=c cases, and as there is a risk of 
asymptomatic foodhandlers and children ‘afecting others (5), a strong case 
can be made for treating all those infected who have no contraindication, 
such as pregnancy, to the use of the avarlable drugs. 


PREVENTION 


Chemoprophylactic drugs are neither safenor effective for giardiasis. Infec- 
tion has occurred even in those who apparently take all recommended 


GIADIASIS 381 


precautions regarding contaminated water or food. Nevertheless, in en- 
demic areas water for drinking or for ice should be boiled for 10 minutes 
or purified with iodine compounds (60). Uncooked or unpeeled fruits and 
vegetables should be avoided. Though prepared food has not been so defini- 
tively implicated as water as a source of Giardia infection, it is likely that 
cold foods and salads contaminated with infected water or fingers must lead 
to infection, and reliance should be placed on hot cooked foods. A study 
of travelers to Madeira Island implicated ice cream and raw vegetables as 
sources of infection (20). In some waterborne giardiasis outbreaks, water 
has been found to be coliform-free and it is possible that though chlorination 
may be sufficient to destroy these indicator organisms, Giardia cysts may 
require long contact time for their inactivation (4). Data at this time indi- 
cate that well-operated conventional treatment plants employing coagula- 
tion/flocculation, settling, and filtration are necessary to prevent 
waterborne outbreaks (4). 
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INTRODUCTION 


During the past decade, our understanding of thyroid pathophysiology has 
expanded greatly. Recent advances include insights into the mechanisms of 
thyroid hormone action, the peripheral metabolism of thyroid hormones, 
and immunologic aspects of thyroid disease. Refinements in thyroid hor- 
mone assays and the availability of thyrotropin-releasing hormone (TRH) 
have provided more direct and definitive approaches to the diagnosis of 
hyperthyroidism. Using these new laboratory: aids, researchers recently 
demonstrated that hyperthyroidism is more common than was formerly 
believed, occurring in as much as 2% of the adult female population (1, 2). 
However, the therapeutic tools with which we approach hyperthyroid pa- 
tients have changed little in the past 30 years. Each of the three principal 
methods, antithyroid drugs, radioiodine, and surgery, can be used effec- 
tively and each has its advantages; its advocates, and its tradition in the 
therapy of hyperthyroid individuals. The management of a specific patient 
will be influenced by the nature and severity of the hyperthyroidism, the 
patient’s age and general health, the experience of the responsible physician, 
the availability of expert nuclear medicine and surgical colleagues, and by 
the patient’s own feelings regarding therapy. 


THERAPEUTIC APPROACHES 


Since the etiologies of the various types of thyroid hormone overproduction 
are not yet known, none of the available treatments is: directed specifically 
at a basic pathophysiologic defect. Therapeutic options available include 
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(a) inhibiting thyroid hormone synthesis, (6) inhibiting thyroid secretion, 
(c) reducing the mass of functioning thyroid tissue, (d) decreasing the 
peripheral effects of thyroid hormone. 


Decreased Thyroid Hormone Syntkesis and/or Secretion 


ANTITHYROID DRUGS The antithyroid drugs commonly in use 
throughout the world are generically thionamides. All have an =N-C=S 
configuration in the molecule. The two most commonly employed sub- 
stances in the United States are propylthiouracil and methimazole, which 
have 6- and 5-membered ring structures, respectively. It is believed that 
thionamides act primarily by inhibiting thyroid peroxidase, an enzyme that 
catalyzes both the oxidation of iodide ion to a form in which it can be 
covalently bound into the tyrosyl residues. in thyroglobulin, and the “‘cou- 
pling” of iodotyrosyl residues in thyroglobulin to form thyroxine and tri- 
iodothyronine (3). The coupling reaction is much more sensitive to inhibi- 
tion by thionamides (4, 5). Thus a complete remission of thyrotoxicosis can 
be induced by antithyroid drugs, even though a supranormal thyroid radioi- 
odine uptake is maintained. Thionamide drugs inhibit the iodination of 
thyroglobulin and the synthesis of thyroid. hormone but do not inhibit the 
thyroid iodide pump, which concentrates iodide in the thyroid cell, nor do 
they directly affect the rate of secretion of preformed thyroid hormone 
stored within the thyroid follicles (3). 

There is a large store of hormone within the thyroid gland, enough in a 
normal individual with a normal rate of secretion ta maintain a euthyroid 
state for 6-9 months even if all synthesis cf thyroid hormone is abolished. 
Therefore an immediate return to a euthy-oid state cannot be achieved in 
thyrotoxic patients treated solely with these drugs. Although patients with 
thyrotoxicosis usually have enlarged thyroids and a supranormal amount 
of stored hormone, their rate of secretior of thyroid hormone is greatly 
increased above normal. Thus, their plasme thyroid hormone concentration 
falls to a euthyroid range in an average of 3 months, a considerably more 
rapid rate of decline than can be achievec in normal individuals. 

The relative potency of propylthiouracil and methimazole is not defini- 
tively established. Early data, employing ecute suppression of radioiodine 
uptake as an index, suggested that methimazole was 100 times as potent as 
propylthiouracil (6). Subsequent clinical trials indicated that the potency 
ratio might be 10:1. The standard dose is 300 mg propylthiouracil or 30 
mg methimazole daily. It is usually recommended that the drugs be given 
in 3 equal doses at 8-hour intervals because of their rapid metabolism. This 
is inconvenient and compliance with an 8-hour schedule is difficult to 
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achieve. In spite of theoretical objections, we have found that in almost all 
patients, including those severely toxic, giving either propylthiouracil or 
methimazole once daily in the same total daily dose that would be used if 
the medication were given every 8 hours, induces a remission of the thyro- 
toxicosis as rapidly and effectively as giving divided doses (7, 8). We have 
routinely used the single-daily-dose regimen in our clinic for the last 20 
years. Only rarely have patients failed to respond to this program. In such 
resistant patients, it is not clear that divided doses are more effective, since 
they are usually also refractory to divided daily doses. We know of only one 
report indicating that divided daily doses are more effective (9). Since there 
is considerable variation among patients in the rapidity of their response to 
antithyroid drugs, it is possible that patients who do not become euthyroid 
until they are changed from single to divided daily doses might have had 
the same temporal response to therapy if the regimen had not been changed. 

In spite of its simplicity and demonstrated efficacy, once-a-day adminis- 
tration of antithyroid drugs is not widely employed. This is probably be- 
cause physicians are reluctant to change from a therapeutic plan they know 
will work to a potentially improved technique that would be experimental 
for them. Although we have not found it necessary, the physician may feel 
more comfortable in prescribing antithyroid drugs on an every-8-hours 
rather than a single-daily-dose regimen for severely thyrotoxic patients. The 
dose can be given once daily as soon as the patient shows definite improve- 
ment. 

Serious complications from antithyroid drugs are quite rare, 
agranulocytosis being the most dangerous (10). Routine weekly blood 
counts are of little prophylactic value, since agranulocytosis may develop 
within a few hours (11). It is important to warn the patient to discontinue 
the drug and to contact the physician if fever, malaise, or sore throat 
develops. There is usually spontaneous recovery of leukocyte production 
within 1-2 weeks after stopping the drug. With appropriate antimicrobial 
and supportive therapy, agranulocytosis is rarely fatal. Radioicdine therapy 
is employed once bone marrow function is restored. 

Minor drug toxicity, such as skin rash, pruritis, or arthralgia, occurs in 
3-5% of patients treated with thionamide drugs (12). This may subside 
spontaneously if the drug is continued, or it may disappear if one switches 
to the other drug (e.g. from propylthiouracil to methimazole). If the prob- 
lem persists, antithyroid drug therapy is discontinued and an alternative 
form of therapy chosen. 


IODIDE The effect of large doses of iodide to decrease thyroid secretion 
and vascularity has been employed since its introduction by Plummer for 
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the preoperative management of hyperthyrnid patients. Except in this situa- 
tion, iodides should not be used alone ir. thyrotoxicosis. Large doses of 
iodide can result in increased synthesis o7 thyroid hormone because of a 
marked increase in the available substrat= (one drop of Lugol’s solution 
contains 6 mg of iodine, compared to a <ormal daily intake of approxi- 
mately 200 ug). Iodide does not induce a decrease in thyroid secretion in 
all thyrotoxic patients. Radioiodine therapy is not possible while a patient 
is being given iodide because the marked -acrease in the body iodide pool 
prevents effective concentration of radioioc-ne in the thyroid. By increasing 
intraglandular stores of thyroid hormone, iodide administration increases 
the time required to see the effect of subsec sent thionamide therapy. How- 
ever, the administration of stable iodide fol_>wing the initiation of adequate 
antithyroid or radioiodine therapy may more rapidly improve both chemi- 
cal and clinical parameters of hyperthyroidism (13, 14) and is usually 
effective in patients with severe thyrotoxicosis. Iodide therapy is rarely 
employed since the advent of propranolol a much more useful drug. 


LITHIUM The antithyroid effect of lithiu-a became apparent when goiter 
and/or hypothyroidism developed in about 4% of the patients treated with 
lithium carbonate for affective disorders (1€. The predominant effect on the 
thyroid, like that of iodide, is to decrease secretion of the preformed hor- 
mones, although very large doses may also decrease thyroid hormone syn- 
thesis (16). The antithyroid effect of lithium is more pronounced in 
hyperthyroid than in euthyroid patients, and lithium alone has been used 
successfully to treat thyrotoxicosis (17, 181 

Effective serum concentrations of lithium: are 0.5-1.2 meg/liter. Toxicity 
is often noted at concentrations greater tham 1.5 meq/liter. Because of this 
very narrow therapeutic ratio, lithium therapy in hyperthyroidism requires 
careful monitoring of serum lithium leves and of the patient’s clinical 
status. In a controlled study comparing methimazole and lithium carbon- 
ate, Kristensen and co-workers described ide effects in 8 of 11 lithium- 
treated patients while noting that lithium o:fered no significant benefit over 
methimazole in the early clinical or chemiral response to therapy (19). 

In patients for whom very rapid improvement of hyperthyroidism is 
necessary, a combination of lithium and thionamides has been employed 
(20). This approach is as effective as the ccmbined use of iodide and anti- 
thyroid drugs and offers the advantage of rst delaying the subsequent use 
of radioiodine therapy. Although we do not advocate the routine use of 
lithium in the treatment of hyperthyroidism, it may be a very useful agent 
in a patient who is allergic to antithyroid drvzs and who is awaiting radioio- 
dine therapy, or in conjunction with thionemide therapy in some patients 
with severe hyperthyroidism for whom rar-d controi is important. 
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Thyroid Ablation 


RADIOACTIVE IODINE Radioactive iodine provides a simple, effective, 
inexpensive, and safe treatment for hyperthyroidism. By virtue of its unique 
capacity to transport and to bind iodine in the form of iodothyronines, the 
thyroid gland can be selectively irradiated. 131I is the only isotope of iodine 
currently in wide use for the treatment of hyperthyroidism. The beta emis- 
sions of this isotope are responsible for the majority of the thyroidal radia- 
tion. Although theoretical arguments suggested that 15I would result in a 
lower incidence of hypothyroidism, this was not the case in practice, and 
the original proponents of !*°I therapy have now abandoned its use (21). 

Radioiodine concentration by the thyroid must occur if !3!I therapy is to 
be effective, and demonstration of adequate thyroid uptake prior to therapy 
is necessary. Radioiodine administration is contraindicated during preg- 
nancy in order to avoid fetal injury. 

Concern is often expressed over the possibility of inducing malignancy. 
Isolated cases of thyroid cancer, hematologic malignancies, and other neo- 
plasms have occurred in patients previously treated with H1 for hyper- 
thyroidism. However, a large group of patients followed up to 25 years after 
radioiodine therapy has no greater incidence of leukemia or thyroid cancer 
than a surgically treated group (22). 

The radiation dose to the gonads in patients treated with tI is usually 
less than 3 rads. This is not significantly different from gonadal irradiation 
received with several commonly used radiographic diagnostic tests such as 
barium enemas or pyelography. We agree with the conclusion of Robertson 
& Gorman (23) that the genetic hazard associated with radioiodine therapy 
for hyperthyroidism is so small that it should not be the major reason for 
avoiding radioiodine therapy. 


THYROIDECTOmYy - Surgical therapy of hyperthyroidism has become 
progressively less popular in the 35 years since effective medical therapy has 
been available. This is partly because thyroidectomy is more expensive, both 
in hospital and professional costs, and results in more time lost from work 
than does medical therapy. Yet, in experienced hands, thyroidectomy is an 
effective and safe approach. Lasting alleviation of thyrotoxicosis is provided 
in most patients, and the preoperative use of antithyroid drugs, propranolol 
and iodine, greatly reduces surgical complications. The risk of permanent 
hypoparathyroidism and recurrent nerve deficit inversely reflects the sur- 
geon’s experience and skill while the incidence of permanent hypothyroi- 
dism is related to the amount of thyroid tissue remaining after surgery. 
The use of propranolol in preparation for thyroidectomy has been de- 
scribed by several groups (24, 25). In a recent review of their experience, 
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Zonszein and colleagues noted the maximal clinical response 48-72 hours 
after starting propranolol (26) and demonsirated the utility of this agent as 
the sole preoperative treatment for hyperthyroid patients. 


Alteration of Peripheral Effects of Thyroid Hormones 


Antithyroid drugs and radioiodine require several weeks to return hyper- 
thyroid patients to a euthyroid state. Even with drugs that inhibit thyroid 
hormone secretion (e.g. iodide or lithium), improvement requires days to 
weeks because of the long serum half-life of thyroxine. Inhibition of the 
peripheral effect of thyroid hormone would provide more rapid clinical 
improvement. This could be accomplished dy decreasing thyroid hormone 
binding to intracellular receptor sites or by inhibiting events subsequent to 
this hormone-receptor interaction. Currently, such an approach is not avail- 
able. 


INHIBITION OF T, TO T; CONVERSION The demonstration that much 
of the metabolic effect of thyroxine (T4) results from its extrathyroidal 
deiodination to triiodothyronine (T3) has provided another theoretical ther- 
apeutic approach. T, is converted to the more potent T; by microsomal 
5'-deiodinases in the liver, kidney, and other organs (27). Several drugs 
inhibit T, to T; deiodination in both euthy-oid and hyperthyroid subjects. 
Among the thionamides, propylthiouracil inhibits T4 to T; conversion but 
methimazole does not (28). In hyperthyzoid patients, propylthiouracil 
causes T; concentration to fall by as much az 50% in 72 hours and produces 
a more rapid decline in serum T; in comtination with iodide than does 
methimazole (29). However, the practical sgnificance of this phenomenon 
is not clear. To date, no studies have clear_y demonstrated superiority of 
propylthiouracil over methimazole in the r=pidity with which clinical fea- 
tures of thyrotoxicosis are ameliorated. 

Propranolol (30), dexamethasone (31). and iodinated radiocontrast 
agents (32, 33) also decrease serum T; levels, apparently by peripheral 
inhibition of T, deiodination. 


B-ADRENERGIC BLOCKADE It has long been recognized that many of 
the cardiovascular, metabolic, and neuromuscular features of hyperthyroi- 
dism resemble those of catecholamine excess. Increased 8-adrenergic effects 
occur in hyperthyroidism in spite of normal or low plasma catecholamine 
concentrations (34). Some studies have demonstrated increased myocardial 
responsiveness to 8-adrenergic agents (35). Increased catecholamine sen- 
sitivity may be related to the increased number of 8-adrenergic receptor 
sites that have been demonstrated in hyper-hyroid animals (36). 

In the past, catecholamine-depleting drugs, such as reserpine and guane- 
thidine, were used successfully to control these adrenergic symptoms. Be- 
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cause of its more rapid and reliable onset of action and fewer side effects, 
propranolol, a competitive 8-adrenergic inhibitor, has replaced catechola- 
mine-depleting drugs and has become an important adjunct in the symp- 
tomatic therapy of thyrotoxicosis. Propranolol also directly suppresses 
myocardial function, which may account for part of its effectiveness. De- 
creases in pulse rate, palpitation, sweating, lid-lag, stare, tremor, and a 
pronounced calming effect are seen in most patients treated with pro- 
pranolol or other B-adrenergic blockers (37). Symptomatic improvement is 
noted within 24-48 hours after beginning therapy. Anorexia, nausea, and 
depression may be associated with propranolol therapy, but these side 
effects rarely preclude its use. Beginning doses are 40 mg orally every 6 
hours, but larger doses may be required. Plasma concentrations of pro- 
pranolol following oral doses are extremely variable in hyperthyroid pa- 
tients (38), and the dose must be adjusted to control the symptoms of the 
individual patient. The pulse rate and cardiovascular symptoms are the 
most reliable parameters to follow. Propranolol is generally contraindicated 
in patients with a history of asthma or with congestive heart failure. How- 
ever, -blockers are useful in hyperthyroid patients whose heart failure is 
aggravated by tachycardia (39). Cautious administration of propranolol, in 
a carefully monitored setting, is indicated in such patients. 


Ancillary Therapeutic Measures 


Rest and sedation were former mainstays in the management of anxious, 
hyperkinetic, hyperthyroid patients. As has been mentioned, propranolol is 
usually effective in rapidly improving neuropsychiatric aspects of thyrotox- 
icosis. However, mild sedation is occasionally necessary, especially during 
the night. 

Nutritional aspects of hyperthyroidism are not often emphasized. Pa- 
tients with long-standing or severe hyperthyroidism are usually in negative 
protein and calorie balance. A high caloric diet with multivitamin sup- 
plementation is appropriate for these patients until their thyroid function 
begins to normalize. Hypercalciuria and negative calcium balance are com- 
mon features of hyperthyroidism (40). Hypercalcemia is also occasionally 
seen (41). Unless serum calcium is elevated, a high calcium intake is in- 
dicated. 


Therapy of Nonthyroid Problems in Hyperthyroid Patients 


Patients with hyperthyroidism may present with or develop other medical 
or surgical problems in the course of their hyperthyroidism. Management 
of medical problems may be complicated by alterations in drug absorption 
or metabolism in thyrotoxicosis. Metabolism of many drugs is enhanced, 
serum half-lives are shortened, and the dose required to achieve a therapeu- 
tic serum level may be increased. This has been clearly demonstrated in the 
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case of digoxin therapy (42). Careful mor_toring of serum concentrations 
or of the patient’s response to pharmaceutical compounds is extremely 
important. An acute surgical problem in aHyperthyroid patient can best be 
managed by controlling the patient’s carc_ovascular status preoperatively 
with propranolol (26). 


THERAPY OF SPECIFIC TYPES 
OF HYPERTHYROIDISM 


Graves’ Disease 


Graves’ disease is classically defined as a triad of a diffuse goiter, hyper- 
thyroidism, and infiltrative ophthalmopatkry. A unique infiltrative disorder 
of the skin, pretibial myxedema, is a le= commonly associated feature. 
Hyperthyroidism occurs independently C the other features and is the 
principal focus of this discussion. Althesgh the basic pathophysiologic 
defect in Graves’ disease is unknown, an =utoimmune mechanism is most 
probable. Circulating thyroid-stimulating immunoglobulins and thyroid- 
sensitized T-lymphocytes, as demonstre-ed by newer techniques, are 
present in virtually all of these patients. Several excellent reviews have 
recently discussed these etiologic factors in detail (43). 


ADULTS Graves’ disease is characterize= by periods of thyroid hyperac- 
tivity followed by spontaneous remissiom in many patients. This feature 
permits the successful therapy of these pat_znts with a course of antithyroid 
drug therapy that controls the hyperthyr=idism until spontaneous remis- 
sion occurs. There is no clear evidence the: thionamides alter the course of 
the autoimmune process, although immunosuppressive effects of propyithi- 
ouracil (PTU) have been demonstrated -n vitro (44). Of the principal 
modalities employed in the treatment of tayrotoxicosis, antithyroid drugs 
are the least likely to induce permanent remission. Nevertheless, they are 
the most commonly used form of therazy for Graves’ disease in many 
medical centers, including our own, for two important reasons: they do not 
produce permanent morbidity (hypothyroidism, hypoparathyroidism, etc.), 
and they do not require special skills, training, or licensing, and thus can 
be prescribed by general physicians. Pa-.ents of any age from birth to 
senility can be successfully treated with actithyroid drugs. However, since 
the thyroid-blocking effect of thionamides wears off within 2—4 days after 
interrupting therapy, compliance with the prescribed regimen is necessary. 

Euthyroidism is usually achieved wimin 3-4 months of instituting 
thionamide therapy. If improvement in clicical or laboratory findings is not 
noted within 6 weeks of instituting therapy, the dose is doubled. In patients 
who have not improved after 3 months, an alternative form of therapy is 
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chosen rather than allowing them to remain hyperthyroid. Fortunately, this 
happens rarely. 

Recently it has been suggested that the incidence of sustained remissions 
of hyperthyroidism after antithyroid drug therapy in the United States has 
gradually decreased, perhaps related to an increase in iodine intake (45). 
However, our recent experience (46) and that of the Lahey Clinic (47) 
suggest that remission rates of 30-40% are still seen after thionamide 
therapy, and there is evidence that an increase in iodine intake does not 
cause a decreased lasting remission rate (48, 49). Unfortunately, there is no 
way of predicting with certainty which patients will remain in remission 
after antithyroid drugs are discontinued. In most series, patients with a 
small goiter and relatively mild hyperthyroidism are the most successfully 
managed. Various tests, including suppression of radioiodine or pertechne- 
tate thyroid uptake by T; (50, 51) and measurement of thyroid-stimulating 
immunoglobulin (52), have been proposed to identify patients who have 
undergone spontaneous remission while on antithyroid drugs. However, 
these tests are cumbersome to perform or are not routinely available, and 
none of them is completely reliable. Until the technology is significantly 
improved, we think it is preferable to use the cheaper and more reliable test 
of simply stopping therapy after the appropriate time and observing the 
patient’s course. 

It has been standard practice to treat patients for 1—2 years before discon- 
tinuing thionamide therapy. Slingerland & Burrows (53) reported their 
experience with long-term antithyroid drug therapy. They continued 
therapy until 24-hour 13I uptake was suppressed to less than 20% by 
desiccated thyroid or T3. This required an average of 4.4 years (range 1-14), 
and the remission rate was 67%. However, 20% of patients with abnormal 
suppression tests stayed in remission for more than a year, suggesting that, 
with this approach, treatment of some patients is prolonged unnecessarily. 

A lasting remission rate of 39% in patients who were treated only until 
they became euthyroid within an average of 4.5 months has been reported 
(46). Until a reliable method of predicting which patients will remain in 
remission is available, we think that an initial short course of antithyroid 
drugs is justified. The major advantage of short-term therapy is that the cost 
and inconvenience to the patient is minimized in those who remain in 
lasting remission after discontinuing the drug. For patients who relapse 
after short-term antithyroid therapy, a longer course of antithyroid drugs 
or ablative therapy is appropriate. 

Radioiodine provides a simple approach to therapy and is probably the 
most commonly employed agent in patients with Graves’ disease. Improve- 
ment is generally noted in 4-8 weeks and euthyroidism is achieved within 
3—4 months following treatment. Therapy is almost always performed as an 
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outpatient procedure. Exacerbation of hyperthyroidism following PH 
therapy occasionally occurs (54). However, in most patients thyroid hor- 
mone levels change only minimally after !"!I administration (55). Pretreat- 
ment of patients with antithyroid drugs has been suggested to prevent 
radiation-induced thyroid storm, but it has not been proven effective. Initia- 
tion of propranolol prior to 11 administrazion is indicated for symptomatic 
relief in many patients and minimizes cardiovascular effects of radiation 
thyroiditis. 

The major complication of I!I therapy is hypothyroidism. A biphasic 
pattern in the development of hypothyro-xdism following 1°'I therapy has 
been observed by several investigators (52). The incidence one year after 
therapy is roughly related to the dose of radioiodine administered. Thereaf- 
ter, a progressive increase of 2-5% per year is seen regardless of the initial 
dose. Not surprisingly, reported incidences of hypothyroidism vary consid- 
erably depending upon the initial dose and the duration of follow-up. The 
appropriate dose of BH would be that with which the smallest number of 
patients remain hyperthyroid and the lezst number develop hypothyroi- 
dism. The most commonly used doses are 30-100 pCi per gram of thyroid 
tissue. Various regimens have been devised for calculating the dose based 
upon an estimate of thyroid gland size and the concentration of isotope in 
the gland as determined by radioiodine uptake. Adequate comparison of 
these regimens has not been made. Roudebush and colleagues (57) de- 
scribed a reasonable approach in which tha delivered dose of 131I per gram 
of thyroid tissue is increased in patients with large goiters since such thy- 
roids are more resistant to radioiodine. 

Propranolol alone has been advocated as the primary therapy in patients 
with Graves’ disease. Lowe and co-workers (58) reported remissions of 
more than 18 months in 32% of patients so treated. It was impossible to 
predict which patients would undergo remission during the first year of 
therapy. Because 8-blockade does not cor-ect the hypermetabolism or en- 
hanced myocardial contractility in hyperthyroidism, we feel that adrenergic 
blockade should be used as an adjunct to antithyroid therapy rather than 
as the sole approach to management. 


CHILDREN Graves’ disease in children and adolescents closely resembles 
the same disease in adults and the approach to therapy is similar. Anti- 
thyroid drugs are used initially. Compliance with drug therapy is especially 
important in younger patients, and the administration of the drug in a single 
daily dose is of particular advantage in these patients. The remission rates 
with antithyroid drugs in children are sinclar to those seen in adults (59). 
Patients who relapse after discontinuation af antithyroid drugs are managed 
with chronic antithyroid therapy, surgery >r radioiodine. The use of radio- 
iodine in children and adolescents remains controversial because of concern 
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about malignancy and genetic damage. Nevertheless, }94I has been used 
with impressive results in some centers as the primary therapy in these 
patients (60). Hyperthyroidism was controlled in an average of 3.3 months. 
No complications other than hypothyroidism were observed during a fol- 
low-up period averaging 12 years. Although a full appraisal of the complica- 
tions of radioiodine therapy in children awaits longer term follow-up, we 
feel that these risks are less than those associated with surgical therapy, and 
we do not hesitate to use !I in children if antithyroid drugs are not 
effective. 

Regardless of the therapy employed, the management of Graves’ disease 
requires the establishment of a firm patient-physician relationship and edu- 
cation of the patient about the disease. Patient understanding of and compli- 
ance with the therapeutic program and a systematic schedule of evaluation 
is necessary during the treatment of the hyperthyroidism. Life-long follow- 
up of thyroid function is required for all patients with Graves’ disease. 
Relapse of hyperthyroidism many years after discontinuation of drug 
therapy has been described, and the late development of hypothyroidism 
following ablative therapy or in patients treated only with antithyroid drugs 
or potassium iodide (61, 62) has been documented. Patience and persistence 
on the part of both the patient and the physician are key ingredients in a 
successful therapeutic program. 


CONGENITAL GRAVES’ DISEASE This is a rare condition in which in- 
fants of mothers with active or previously active Graves’ disease are born 
with neonatal thyrotoxicosis. Although there is evidence that congenital 
Graves’ disease is caused by transplacental migration of thyroid-stimulating 
immunoglobulin (TSI) from the mother to the fetus (63), a detailed analysis 
by Hollingsworth & Mabry (64) indicates that in many of these children the 
disease persists for months or years, much longer than could be explained 
by a persistence of TSI passively transferred from the mother before birth. 
It is therefore probable that some of these infants have active rather than 
passive Graves’ disease. 

Conventional management includes the use of antithyroid drugs and 
glucocorticoids (65). Propranolol has been used successfully to stabilize the 
cardiovascular status in some patients (66). Antithyroid drugs should be 
continued until the patient becomes euthyroid. Because the condition is so 
rare, few data are available on the most appropriate therapy. 


OPHTHALMOPATHY There is still no satisfactory treatment for the 
severe ophthalmopathy of Graves’ disease. The evaluation of therapeutic 
programs is made difficult by the occurrence of spontaneous exacerbations 
and remissions of the eye disease. Fortunately, Graves’ ophthalmopathy is 
usually mild, is infrequently progressive (67), and may resolve completely. 
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Although the infiltrative ophthalmopathy is not due to hyperthyroidism, 
normalization of thyroid function usually improves the lid retraction and 
ophthalmoplegia. In severe or progressive cases, high-dose corticosteroid 
therapy may decrease the inflammatory and infiltrative manifestations. Re- 
cent experience with cyclophosphamide in =uch patients is encouraging (68) 
and deserves further evaluation. Kriss and co-workers (69) reported favor- 
able results in patients with severe ophthalmopathy who received retrobul- 
bar irradiation with a linear accelerator early in the course of their disease. 
However, long-term results or the experierze of others using this technique 
are not yet available. 

General supportive measures such as methylcellulose eyedrops, eye 
patches, or tarsorrhaphy may relieve pair. and burning and minimize the 
danger of corneal ulceration. If vision is th-eatened, surgical orbital decom- 
pression may be necessary. Extraocular mascle surgery to relieve diplopia 
or purely cosmetic surgery should be postponed until the active phase of 
the disease has disappeared. Progressive Cianges in the eye muscles often 
occur during the active phase of the diseas2, making reoperation necessary 
if surgery is performed prematurely. 


DERMOPATHY Localized “myxedema” -s a rare complication of Graves’ 
disease which usually occurs in the pretitial area and resembles the myx- 
edema of hypothyroidism only in that there is a subcutaneous infiltration 
of mucopolysaccharides and nonpitting swelling in the involved skin area. 
The cause is unknown, although it occurs only in patients with ophthal- 
mopathy (with or without hyperthyroidisra). It is not due to an inability of 
thyroid hormone to reach the involved area (70), but it may be due to an 
abnormal serum fibroblast-stimulating feztor (71). Local glucocorticoid 
therapy often provides symptomatic relief from the burning and itching that 
may accompany the dermopathy. 


Autonomous Functioning Nodular Goiter 


The distinctions between autonomously functioning nodular goiter (toxic 
nodular goiter) and Graves’ disease, which were first made by Plummer 
more than 65 years ago, are still pertinent. Unlike Graves’ disease, in which 
diffuse thyroid hyperplasia and hyperfunction is observed, toxic nodular 
goiter is characterized by functionally heterogeneous populations of thyroid 
follicles (72). Normal follicles retain thetr TSH-dependence while other 
follicles secrete thyroid hormone indeperdent of the normal homeostatic 
control of thyroid function. Hyperfunctioning follicles may be localized in 
a discrete solitary nodule or may be dispersed throughout a multinodular 
or diffusely enlarged thyroid gland. The cegree of thyroid hormone over- 
production depends upon the mass of autonomously functioning follicles 
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and the efficiency with which they function. The clinical manifestations of 
hyperthyroidism in patients with autonomously functioning nodular goiters 
are indistinguishable from those seen in Graves’ disease except for the 
absence of infiltrative ophthalmopathy and dermopathy in the former. The 
generalities of therapeutic approaches to the two diseases are similar. Many 
of the cardiovascular and neuromuscular features of toxic nodular goiter 
can be controlled by propranolol. Antithyroid drugs effectively block the 
synthesis of thyroid hormone and euthyroidism can be achieved. However, 
spontaneous remissions are infrequently seen in toxic nodular goiter, and 
hyperthyroidism almost always recurs after discontinuing antithyroid 
therapy. Consequently the thionamides are generally used only in the prepa- 
ration of patients for surgical or radioiodine therapy and only rarely for a 
definitive attack. 

Solitary autonomously functioning thyroid nodules may be associated 
with normal thyroid function or with hyperthyroidism. In general, thyroid 
hormone production is related to the size of the nodule. Nodules that 
produce hyperthyroidism are usually over 2.5 cm in diameter. Although 
evolution from a small autonomous nodule in a euthyroid patient to a larger 
nodule causing hyperthyroidism has been described, this transition occurs 
much less frequently than one would expect (73). Treatment of a solitary 
autonomous nodule is generally not necessary unless hyperthyroidism ex- 
ists. Toxic solitary nodules can be successfully treated with either radioio- 
dine or surgery. The latter provides prompt control and operative 
complications are much less common than in patients with Graves’ disease 
since the dissection is restricted to one lobe. Transient suppression of the 
pituitary-thyroid axis and a delay in the return of function in the contralat- 
eral lobe has been observed post-operatively, but permanent hypothyroi- 
dism is rarely reported. 

Various dosage regimens of 131] have been used to treat solitary toxic 
nodules. In general, larger doses than those used for Graves’ disease are 
employed. Administration of 15-25 mCi to the nodule cured the hyper- 
thyroidism in 16 of 17 patients reported by Hamburger (73). In that series, 
the nodules decreased in size after radioiodine therapy but remained palpa- 
ble. In the largest series reported (74), doses calculated to deliver 30,000 
rads to the nodule controlled the hyperthyroidism in 80% of the patients. 
In nodules greater than 5 cm in diameter, this may require an administered 
dose of PII in excess of 100 mCi (75), resulting in significant gonadal and 
whole-body radiation. Post-radioiodine hypothyroidism is seen infrequently 
in these patients since the contralateral lobe is inactive. 

Toxic multinodular goiter generally occurs in patients over the age of 50 
who have a long history of preexisting goiter. Radioiodine is most often used 
in these patients. In patients with cardiovascular disease, pretreatment with 
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antithyroid drugs and/or propranolol is advised, although there is little 
evidence to document the efficacy of this <herapy in minimizing exacerba- 
tion of hyperthyroidism after radioiodine Initial doses of 30-50 mCi are 
given and multiple doses are often necessary. Subtotal thyroidectomy, after 
control of hyperthyroidism with antithyroid drugs, is recommended in 
patients whose goiter produces compressive symptoms. 


Subacute Thyroiditis 


Subacute thyroiditis, a presumed viral disease, produces inflammation of 
the thyroid with pain, tenderness, and swelling of the gland accompanied 
by malaise and low-grade fever (76). Release of hormone from the disrupted 
follicles results in transient hyperthyroid.sm that lasts less than 6 weeks. 
Thyroid radioiodine uptake is low durinz the hyperthyroid phase of the 
illness. “Silent,” nonpainful, subacute thyroiditis has been described as a 
cause of hyperthyroidism (77), but almost all such cases are probably really 
lymphocytic thyroiditis. Salicylates usually control the inflammatory symp- 
toms. In patients with severe symptoms. corticosteroids are often used. 
Since the thyroid is not hyperfunctional, entithyroid drugs, radioiodine, or 
surgical therapy are not indicated. Propranolol may be employed if cardio- 
vascular manifestations are marked. 


Lymphocytic Thyroiditis 
Several recent reports have described patients with transient, sometimes 
recurrent, hyperthyroidism with minima: or no inflammatory manifesta- 
tions and low radioiodine uptake (78-80). Thyroid biopsies in these patients 
have demonstrated lymphocytic infiltration and follicular disruption. The 
etiology of this disorder and its relationsh_p to Hashimotc’s thyroiditis are 
not known. Of special note is the importarce of differentiating this disorder 
from Graves’ disease. This is best done ty measuring radioiodine uptake 
while the patient is hyperthyroid. Proprarolol is the only therapy required 
in these patients. 

Patients may have coexisting Graves’ dis2ase and lymphocytic thyroiditis 
(“Hashitoxicosis”) (81). Treatment is idertical to that for Graves’ disease. 


Trophoblastic Disease 


Patients with hydatidiform moles or wita choriocarcinoma may present 
with hyperthyroidism and a diffuse goiter -esembling Graves’ disease (82). 
Human chorionic gonadotrophin (hCG) is structurally related to TSH, has 
weak thyroid-stimulating activity, is found in very high concentration in 
these patients, and is thought to be responsible for the thyroid hyperactivity 
(83). Chemotherapy for choriocarcinoma zr evacuation of the mole results 
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in prompt resolution of the hyperthyroidism as hCG levels fall. Propranolol 
can control cardiovascular manifestations until the thyrotoxicosis abates. 


Hyperfunctioning Thyroid Carcinoma 


Follicular carcinoma is a very uncommon cause of hyperthyroidism (84). 
Because the efficiency with which follicular carcinomas synthesize thyroid 
hormone is less than that of normal tissue, hyperthyroidism is generally 
seen only in patients with a very large tumor or with-widespread metastases. 
This clinical situation should not be confused with the patient who presents 
with a hyperfunctioning thyroid nodule confined to the neck without evi- 
dence of metastasis. Although thyrotoxicosis can be controlled with anti- 
thyroid drugs and propranolol, the approach to these patients is surgical 
excision of accessible tumor followed by administration of very large doses 
of BII to ablate the remaining malignant tissue (85). 


SPECIAL THERAPEUTIC PROBLEMS 
Thyroid Storm 


Thyroid storm is a life-threatening problem in which there is hyperprexia, 
delirium, extreme tachycardia, and agitation. Although full-blown thyroid 
storm is rare, severe thyrotoxicosis with a potential danger of storm is seen 
frequently. Precipitating factors are varied and include acute infections, 
surgery (thyroidal or extrathyroidal), other medical illnesses, iodine admin- 
istration (86), and radioiodine therapy (54). 

Thyroid storm has frequently been assumed to be caused by a sudden 
marked increase in circulating thyroid hormone, such as might be expected 
from trauma to the thyroid during thyroidectomy. However, in those few 
studies that have been performed, there is no evidence that storm is asso- 
ciated with an increase in circulating thyroid hormone. The common back- 
ground is an acute major stress. Patients with hyperthyroidism are more 
sensitive to catecholamines than are euthyroid individuals. Since acute 
stress results in a major increase in adrenergic effects, it is probable that 
increased sensitivity to a surge in catecholamines is the major etiologic 
factor. 

Thyroid storm is a major catastrophe that resolves in a few days, usually 
in recovery but sometimes fatally. Some of the standard therapeutic mea- 
sures therefore appear ill conceived. Huge doses of thionamide drugs, in- 
travenous iodide, etc, are of little practical or theoretical value because it 
takes days or weeks for them to have any significant effect. Since current 
evidence indicates that the primary cause of thyroid storm is a marked 
increase in f-adrenergic effect, an appropriate -adrenergic antagonist, 
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such as propranolol, seems most appropriate. Propranolol is extremely 
effective in treating thyroid storm, but it usually has to be given in large 
doses, 20-80 mg or more every 4 hours c-ally. In patients unable to take 
oral medication, 1-5 mg may have to be given intravenously. Lysis of the 
storm is usually achieved within a few hours with the use of propranolol 
(87). 

Glucocorticoids have been routinely used in thyroid storm to correct a 
presumed relative deficiency of adenocortical hormones. While there are no 
data supporting such a deficiency, the acuze inhibition of thyroid hormone 
secretion by dexamethasone in Graves’ disease (88) may be a useful thera- 
peutic adjunct. 

In patients who do not respond to conventional therapy of storm, plasma- 
pheresis and peritoneal dialysis have been successfully employed to remove 
plasma proteins with their associated high concentration of bound thyroid 
hormone (89, 90). 

General supportive measures are requir=d, including physical cooling of 
the patient and correction of hypoxemia and fluid and electrolyte abnor- 
malities. Salicylates are contraindicated because they displace thyroid hor- 
mone from serum-binding protein and thereby increase free thyroid 
hormone concentrations (91). Precipitatirg and associated medical prob- 
lems should be managed simultaneously. 

As soon as the patient is past the crisis stage (usually 1-3 days), appropri- 
ate therapy for the underlying thyrotoxicosis can be instituted. Such 
therapy can be chosen on the basis of the etiology of the thyrotoxicosis and 
the various factors considered important in managing it, but should not 
include emergency decisions that may lead to unfortunate delays in defini- 
tive therapy. For instance, large doses o7 iodide should not be given to 
patients for whom radioiodine therapy is planned. 


Pregnancy 

Antithyroid drugs are the treatment of choice in thyrotoxic pregnant 
women. Radioiodine is obviously contraindicated because of the danger 
of fetal thyroid damage. Surgery carries a greater risk than antithyroid 
drugs. 

Since thionamides are transferred across the placenta, fetal goiter and 
hypothyroidism can occur, and the dose is kept to a minimum during 
pregnancy: 15 mg methimazole or 150 mg rropylthiouracil daily during the 
last trimester is usually sufficient to keer the maternal hyperthyroidism 
under adequate control, and fetal complizations are extremely rare with 
these doses (92). Fetal hypothyroidism cennot be prevented by maternal 
administration of thyroid hormones because these traverse the placenta 
poorly. 
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For the unusual pregnant patient with severe hyperthyroidism who can- 
not be controlled with low doses of antithyroid drugs, subtotal thyroidec- 
tomy during the second trimester is indicated. Although propranolol has 
been used without complication in the treatment of hyperthyroidism during 
pregnancy (93), 8-adrenergic blockade compromises placental blood flow 
and should be used cautiously. If antithyroid drugs are continued post- 
partum, the mother should not breast-feed the infant since antithyroid 
drugs may be secreted in the milk. 
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BARTTER’S SYNDROME? #7369 


John R. Gill, Jr., M.D. 


Hypertension-Endocrine Branch, National Heart, Lung, and Blood Institute, 
National Institutes of Health, Bethesda, Maryland 20014 


In 1962, two patients with growth retardation, hypertrophy, and hyper- 
plasia of the juxtaglomerular apparatus of the kidney, increased amounts 
of circulating angiotensin I, aldosteronism with hypokalemic alkalosis, and 
normal blood pressure with decreased pressor responsiveness to intravenous 
infusion of angiotensin II were reported as cases of a new syndrome that 
has since been called Bartter’s syndrome (1). Since this description of the 
syndrome, the following additional abnormalities have been noted: pitres- 
sin-resistant impairment of urinary concentrating ability (1), decreased 
pressor responsiveness to intravenous infusion of norepinephrine (2), hypo- 
magnesemia (3), hyperuricemia (4), and increased amounts of urinary pros- 
taglandin E, (5). 

The prevalence of Bartter’s syndrome is not known, and, as only approxi- 
mately 100 cases have been described over the last 18 years, the syndrome 
appears to be a rare cause of hypokalemia. The reported patients ‘with 
Bartter’s syndrome include blacks (1), Caucasians (6), and Orientals (7) and 
-come from many geographic areas. Although it has been suggested that 
Bartter’s syndrome occurs more frequently in blacks than in whites in the 
United States, where ten of fourteen reported families were black (8), such 
a ‘preponderance of blacks has not been a feature of those patients with 
Bartter’s syndrome studied at the National Institutes of Health, where only 
six of the eighteen families in this:series were black. Thirteen of the eighteen 
patients in the NIH series were female, however, a preponderance that has 
been noted by others (9). The signs and symptoms of Bartter’s syndrome 
have been noted as early as the first week of life (10) and as late as the fifth 
decade (11). 


'The US Government has the right to retain a nonexclusive, royalty-free license in and to 
any copyright covering this paper. 


405 


406 GILL 


HISTOLOGICAL AND PATHOGENIC ASPECTS 


The occurrence of Bartter’s syndrome in siblings (3, 6, 10) and in offspring 
of consanguineous unions (3, 12, 13), with involvement of only a single 
generation, has led to the hypothesis that the syndrome is inherited as an 
autosomal recessive disorder. Siblings witk the clinical features of Bartter’s 
syndrome have also had histological chang2s such as severe glomerular and 
interstitial nephritis with mild juxtaglomecular hyperplasia and progressive 
renal failure (14) and normal glomeruli with normal appearance of the 
juxtaglomerular apparatus, interstitial fiorosis, and foam cells (15, 16) 
which suggest the presence of a nephrific process. These patients were 
thought to have a disorder other than Bartter’s syndrome because juxta- 
glomerular hyperplasia was mild or absent (14, 16) and because of the 
presence of uremia, osteodystrophy and rapid course (14). 

Histological features similar to those fc1nd in glomerulonephritis, such 
as enlarged hypercellular glomeruli, membranous thickéning of glomerular 
capillary walls, mesangial hypercellularit», crescent formation, concentric 
periglomerular fibrosis, glomerulosclerosis and thickening, and sclerosis of 
arteries and arterioles have also been associated with juxtaglomerular 
hyperplasia in patients with Bartter’s syrirome. These findings led some 
investigators to suggest that the syndrome may be acquired as a result of 
renal injury (9). Indeed, a number of lines of evidence support the view that 
renal injury, if it is not an etiologic factor -n Bartter’s syndrome, is at least 
a mediator of some of the renal histopatnologic changes. First, a patient 
with the renal histological features of Baziter’s syndrome at age six years 
(17), progressed to terminal renal failure at age 13 years and, at autopsy, 
diffuse glomerulosclerosis, proliferative =lomerulitis, interstitial fibrosis, 
and sclerosis of renal arteries and arterioles were found; these changes were 
interpreted as chronic glomerulonephritiz In this regard, the findings of 
proliferative glomerulonephritis with eleccron-dense deposits in the base- 
ment membrane, which, on immunofluorescence, appeared to be immuno- 
globulins G and A and 8,C component of complement, have been observed 
in association with juxtaglomerular hyperplasia and Bartter’s syndrome 
(18). Second, renal disease of known etiolozy, such as cystinosis, can present 
as Bartter’s syndrome (19). Third, extrarenal disorders such as familial 
chloride diarrhea (20), surreptitious laxative abuse (21), and surreptitious 
vomiting (22) can present with all of the clinical features of Bartter’s 
syndrome and the renal histopathologic changes of juxtaglomerular hyper- 
plasia, periglomerular fibrosis, gzlomeruloszlerosis, and thickened, hypercel- 
lular arterial and arteriolar walls with per-vascular sclerosis. The presence 
in extrarenal disorders of renal morphological changes of Bartter’s syn- 
drome suggests that these changes may no- be unique to Bartter’s syndrome 
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but represent a renal response to biochemical and physiological changes 
that the disorders have in common. 

As the above discussion illustrates, Bartter’s syndrome may have more 
than one etiology and may exhibit renal histological changes that are proba- 
bly a composite of the underlying disease process and the renal response to 
biochemical and physiological changes. Presently available data suggest 
-that a defect in chloride reabsorption in the thick ascending limb of the loop 
of Henle is the proximal pathophysiological event in Bartter’s syndrome 
(23). The molecular abnormality which causes this defect in chloride trans- 
port is unknown; when the nature of the abnormality has been clarified, it 
may then be possible to resolve the questions about the role of heredity in 
the etiology of the syndrome and what renal histological changes, if any, 
are specific. 


PATHOPHYSIOLOGY 
Kidney and Adrenal 


In the two index patients with Bartter’s syndrome, a low sodium intake did 
not decrease urinary potassium excretion or increase serum potassium as 
it does in patients with primary aldosteronism (1). This failure of a re- 
stricted sodium intake to curtail potassium loss, a finding not only in those 
patients with a persistent renal sodium loss (11) but also in those who 
decreased their urinary sodium in a normal fashion (1, 12, 17), has been 
interpreted as evidence for an abnormality in the tubular handling of 
sodium. More specific information about the renal tubular reabsorption of 
sodium obtained by renal clearance studies during infusion of normal saline 
solution (24), hypotonic saline solution (11, 25-27), or dextrose and water 
(23, 28) indicated a decrease in proximal tubular reabsorption (11, 28), in 
distal tubular reabsorption (23-25, 27), or in both (23, 26, 28). The decrease 
in proximal tubular reabsorption observed in some patients during intrave- 
nous infusion of saline solution may be in part the result of changes in renal 
hemodynamics and in peritubular Starling forces (29, 30), and in part the 
result of impaired glomerular filtration (23). Whereas a decrease in proxi- 
mal reabsorption was found in only some of the patients, a decrease in distal 
tubular reabsorption has been a consistent finding (23, 25~27). Data are not 
available to determine if those patients with Bartter’s syndrome who cannot 
conserve sodium during a low sodium intake differ in any respect, other 
than in the degree of impairment of distal tubular reabsorption, from those 
who can conserve normally. One patient with obligatory sodium loss in 
whom tubular function has been assessed appeared to have a decrease in 
sodium reabsorption in the ascending limb of Henle’s loop with normal 
proximal tubular function (25). 
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As most of the solute-free water is genzrated by active reabsorption of 
chloride in the ascending limb of the loop of Henle with sodium following 
passively (31, 32), measurements of freewater formation and of distal 
fractional chloride reabsorption provide an estimate of loop function. In 
patients with-Bartter’s syndrome, fractionel solute-free water excretion ‘and 
distal fractional chloride reabsorption were decreased, whereas in patients 
with a similar degree of hypokalemia and hyperreninemia as a result of 
gastrointestinal potassium loss, fractional free-water excretion and distal 
fractional chloride reabsorption were nozmal (23). (It should be noted, 
however, that an extreme degree of potass:um depletion with serum potas- 
sium less than 2 meg/liter can produce a transient defect in chloride reab- 
sorption (33).) 

Sodium excretion can decrease in a-normalfashion during a low sodium 
intake despite impaired reabsorption of sodium chloride in the loop of 
-Henle. This suggests that other segments of the nephron can compensate 
for the defect to prevent abnormal losses of extracellular Auid (23, 24). 
Sodium excretion was abnormally high Juring water diuresis (23) and 
during infusion of saline (24), however, aad this*suggests: that depression 
of sodium reabsorption by the proximal tubule, which occurs with expan- 
sion of extracellular fluid (29, 30), superincposed on impaired reabsorption 
of sodium chloride in the loop of Henle results in an exaggerated natriuresis 
that limits expansion of extracellular fluic. 

Renal potassium wasting, a hallmark o? Bartter’s syndrome, is best ex- 
plained in terms of the defect in tubular chloride reabsorption. Potassium 
is reabsorbed in the ascending limb of the loop of Henle.and, presumably, 
its transport like that of sodium is passive and determined by the potential 
difference generated by active chloride trarsport (34). Also, an impairment 
in reabsorption in the loop of Henle, by lzading to an increase in flow of 
tubular fluid at the potassium secretory site, can stimulate potassium secre- 
tion (34). If aldosterone production is incrzased, as it usually is in patients 
with Bartter’s syndrome, this may further stimulate potassium secretion 
and contribute to’ potassium loss (34). Ssrum potassium remained low, 
however, when urinary aldosterone was normal (12, 27, 36), and bilateral 
adrenalectomy (10, 35) or treatment with aminoglutethimide, an inhibitor 
of aldosterone biogenesis (36), did not correct the hypokalemia. Thus al- 
dosterone is an aggravating factor rather than the cause of renal potassium 
loss in Bartter’s syndrome. 

The impairment in- chloride reabsorption in the loop of Henle may also 
be an important determinant of the decreased renal concentrating ability in 
Bartter’s syndrome. Abstraction of water and concentration cf tubular fluid 
in the collecting duct depends upon an intact reabsorptive process for 
sodium chloride in the loop of Henle to maintain medullary hypertonicity 
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(37). Thus, a defect in sodium chloride reabsorption in the loop of Henle 
with a loss of medullary interstitial hypertonicity can result in less abstrac- 
tion of water out of the descending limb of Henle’s loop as well as out of 
the collecting duct. Enhanced delivery of a larger, less-concentrated volume 
of tubular fluid to the ascending limb of Henle’s loop and to more distal 
segments of the nephron may further limit sodium chloride reabsorption 
and the concentration of tubular fluid. 

The increase in renal synthesis of prostaglandins, which occurs, in pa- 
tients with Bartter’s syndrome (5, 38-40), could be a factor in the patho- 
genesis of the defect in sodium chloride reabsorption and in urinary 
concentrating ability by virtue of the ability of prostaglandin E to inhibit 
distal tubular reabsorption of sodium (42) and to oppose the action of 
vasopressin on the distal tubule (43). This does not appear to be the case, 
however, as treatment with an inhibitor of prostaglandin synthesis does not 
increase distal fractional chloride reabsorption (23) or maximal urinary 
osmolality (44). 

Considerable evidence supports the hypothesis that prostaglandins me- 
diate the hyperreninemia that characterizes Bartter’s syndrome. Infusion of 
arachidonic acid, a precursor of prostaglandins, into the aorta of rabbits 
(45), and infusion of prostaglandins E, (46, 47) and I, (47) into a renal 
artery of the dog, increased the release of renin. Treatment of rabbit (45), 
dog (46, 48), and man (49) with inhibitors of prostaglandin synthesis de- 
creased plasma renin activity. The addition of arachidonic acid (50), prosta- 
glandin endoperoxides (50) and prostaglandin I, (51) to slices of rabbit renal 
cortex in vitro increased the release of renin into the incubation medium; 
addition of inhibitors of prostaglandin synthesis to the incubation medium 
inhibited the release of renin (50). These observations suggest that the 
decrease in plasma renin activity associated with the administration of 
indomethacin (5, 38, 39, 41), ibuprofen (5), and aspirin (40) to patients with 
Bartter’s. syndrome occurs as a result of inhibition of renal cortical prosta- 
glandin synthesis. Although it may be argued that the retention of sodium 
and water, which also occurred in the patients with Bartter’s syndrome 
during treatment with prostaglandin synthetase inhibitors, decreased 
plasma renin activity, this probably was not the case. Whereas it has been 
possible, on occasion, to decrease plasma renin activity to normal by means 
of a high sodium intake and rapid infusion of a large volume of saline (24), 
usually a high sodium intake or infusion of albumin produced only a partial 
decrease in plasma renin activity (11, 27, 36, 52), or none at all (7, 53, 54). 

An increase in urinary prostaglandins is not unique to Bartter’s syndrome 
but has been observed in other hypokalemic disorders such as psychogenic 
vomiting (22, 53, 55, 56) and experimental potassium depletion in the dog 
(48). The stimulatory effects of a low potassium concentration on renal 
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prostaglandin synthesis in vitro (57, 58) as well as in vivo and the stimula- 
tory effects of prostaglandins on renin release noted above suggest that 
prostaglandins may mediate the increase ia plasma renin activity associated 
with potassium depletion (59, 60). The observation that treatment of potas- 
situm-depleted dogs with an inhibitor of prostaglandin synthesis decreased 
plasma renin activity without affecting the hypokalemia supports this con- 
clusion (48). 

In a similar fashion, treatment of patients with Bartter’s syndrome with 
a prostaglandin synthetase inhibitor corrected the hyperreninemia and al- 
dosteronism but not the hypokalemia (61° and provides evidence, in addi- 
tion to that cited above (10, 35, 36), tha- aldosterone is not the primary 
cause of potassium loss in Bartter’s syndrome. Although this discussion has 
centered on the role of potassium depletion in the pathogenesis of the 
hyperreninemia, it is also possible that increased delivery of sodium chlo- 
ride to the macula densa, as a result of decreased chloride reabsorption in 
the ascending limb of the loop of Henle, aBo contributes to the hypersecre- 
tion of renin in patients with the syndrome (62). 

Hypomagnesemia has been present in many but not all patients with 
Bartter’s syndrome. Those affected have teen young siblings (3) as well as 
older, sporadic patients and have not differed in any apparent way from 
those patients with a normal serum magnesium. Studies of the renal tubular 
handling of magnesium indicate that filteced magnesium is reabsorbed in 
proportion to sodium in the proximal tubule (63). Magnesium is also reab- 
sorbed in the loop of Henle and it is this segment that regulates its rate of 
excretion into the urine (64). The process by which magnesium is trans- 
ported out of the loop of Henle and the relation of its transport to that of 
chloride are not known. The association of a defect in chloride transport 
in the loop of Henle with urinary magnesium loss in patients with Bartter’s 
syndrome suggests that the cause of the cefect in chloride transport may 
also be capable of impairing magnesium transport in the loop of Henle. 

Severe magnesium deficiency has beea reported in association with 
hypokalemic alkalosis, hyperreninemia and high normal urinary aldoster- 
one (65). Although it has been shown that experimental magnesium deple- 
tion in man leads to an increase in urinary potassium loss and a fall in serum 
potassium concentration (66), the cause of -he potassium loss in magnesium 
depletion and the role of the renin-angiotensin-aldosterone systems are 
unknown. In any event, magnesium supplementation in hypomagnesemic 
patients with Bartter’s syndrome appears to have little effect on the other 
manifestations of the disorder. 

Hypercalciuria with a normal serum calcium has been observed in a few 
patients with Bartter’s syndrome (54). The tubular reabsorption of calcium 
resembles that of magnesium in many resp=cts (64), so that an abnormality 
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in the loop of Henle may also impair the reabsorption of calcium in this 
segment of the nephron and increase its excretion in the urine. 

The prevalence of hyperuricemia and acute gouty arthritis has been 
reported to be abnormally high in Bartter’s syndrome (4). A high serum 
uric acid concentration has also been reported in patients with hypokalemic 
alkalosis and hyperreninemia caused by extrarenal losses of potassium and 
chloride (22, 55, 67), which suggests that biochemical and physiological 
changes may be the basis for the increase in serum uric acid. The observa- 
tions that angiotensin II (68) and alkalosis (4) can each decrease the clear- 
ance of uric acid suggest that these factors may explain, at least in part, a 
decreased clearance of uric acid in Bartter’s syndrome and other disorders 
characterized by hypokalemic alkalosis. 


Blood Vessels and Blood 


Normal blood pressure and resistance to the pressor effects of angiotensin 
II and, less consistently, norepinephrine are characteristic features of Bart- 
ter’s syndrome. Although pressor resistance to angiotensin II was initially 
thought to be the proximal event in the pathogenesis of the syndrome (1), 
it has since been recognized that this finding is not unique to Bartter’s 
syndrome but can occur in a variety of hypokalemic disorders (22, 48, 53, 
55, 69). The observations that potassium depletion produces vasodilatation 
(48), and that plasma bradykinin, a vasodilator, is high in patients with 
Bartter’s syndrome (70), suggest that increases in plasma renin activity and 
in adrenergic activity (71) are necessary to maintain blood pressure. A 
partial decrease in plasma renin activity in response to expansion of in- 
travascular volume (11, 27, 36, 52), and a fall in blood pressure, at times 
marked, in response to intravenous infusion of an angiotensin H antagonist 
in patients with the syndrome (72, 73) support the notion that the increase 
in renin release may be, in part, a homeostatic response. Treatment of 
patients with Bartter’s syndrome with a prostaglandin synthetase inhibitor 
corrects the hyperreninemia (5, 38-41), the increase in adrenergic activity 
(71), the increase in plasma bradykinin (70), the pressor resistance to angio- 
tensin IT (38, 39, 41, 53, 74), and to norepinephrine (53, 71, 74) without a 
change in blood pressure (5, 41). 

Pressor responsiveness to exogenous angiotensin II is inversely related to 
plasma renin activity and to plasma angiotensin II; studies of this phenome- 
non suggest that a decrease in pressor responsiveness to angiotensin II is 
best explained by prior occupancy of vascular angiotensin receptors by 
endogenous angiotensin II rather than by a change in either the number of 
receptors or their affinity for angiotensin II (75). (It should be noted, 
however, that the phenomenon of down-regulation of receptor number 
cannot be excluded as a factor.) The increase in pressor responsiveness to 


412 GILL 


angiotensin II-during inhibition of prostaglandin synthesis in the patients 
with the syndrome was associated with a decrease in plasma renin activity. 
Thus it may be, in part, attributable to a decrease in occupancy of receptor 
sites by endogenous angiotensin II. It is also possible that the increase in 
pressor responsiveness to angiotensin II associated with inhibition of pros- 
taglandin synthesis was, in part, the res.lt of the restoration of plasma 
bradykinin to normal (70). Although th= mechanism of the increase in 
plasma bradykinin is unknown (70), a direct relationship between plasma 
bradykinin and plasma renin activity has Eeen observed in normal subjects 
and, presumably, modulates the pressor activity of angiotensin II (76). In 
addition to decreased receptor occupancy and decreased plasma bradyki- 
nin, inhibition of prostaglandin synthesis by blood vessels (77, 78), which 
may have been stimulated by angiotensin II (79), bradykinin (77, 79), and 
possibly by potassium depletion per se, ccald also have contributed to the 
increase in pressor responsiveness to angictensin II, as prostaglandins syn- 
thesized by blood vessels oppose the vasozonstrictor effects of angiotensin 
II and norepinephrine (80). Thus, prior «ccupancy, supranormal plasma 
bradykinin, and increased synthesis of vasodilator prostaglandins by blood 
vessels may all be factors in the vascula- resistance to angiotensin II in 
Bartter’s syndrome. Increased synthesis o- prostaglandins by blood vessels 
and supranormal plasma bradykinin are probably the major determinants 
of the vascular resistance to norepinephrine in Bartter’s syndrome, as the 
occupancy by angiotensin II of its vascular receptors appears to have no 
effect on the vascular response to norepinephrine (81). 

High values for urinary kallikrein (41, 7), 82) and low values for urinary 
kinins (70) have been found in Bartter’s syndrome. Whereas the increase 
in kallikrein is probably, in part if not enttrely, caused by aldosterone, the 
decrease in kinins appears to be mediated by prostaglandins and to be 
independent of urinary kallikrein (70). The relationship, if any, of urinary 
kallikrein and kinins to plasma bradykinm or to any other feature of the 
syndrome is unknown. 

Increased sodium and decreased potassium concentrations have been 
found in the erythrocytes of some patients with Bartter’s syndrome (10, 83). 
These changes in sodium concentration wre associated with a decrease in 
fractional sodium outflux (83). As this defect in sodium transport, with and 
without an increase in erythrocyte sodium concentration, was also noted in 
otherwise normal parents and siblings of scme of the patients with Bartter’s 
syndrome, the defect was thought to be inherited and the cause of the 
increase in erythrocyte sodium concentration (83). In other studies of ery- 
throcytes from two siblings with Bartter’s syndrome, an increase in total 
ATPase activity with a low ratio of Na*-Kt ATPase to Mgt ATPase 
activity was observed; muscle cells from these two patients incubated: in 
vitro showed a decreased potassium uptakz= (84). In related-studies, sodium 
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concentration in parotid saliva was increased in patients with Bartter’s 
syndrome but decreased in those with primary aldosteronism and in those 
with hypokalemia, hyperreninemia, and aldosteronism produced by ex- 
trarenal potassium loss (85). Whether the impairment in sodium transport 
noted in a number of different cells in patients with Bartter’s syndrome and. 
in the erythrocytes of some of their unaffected relatives is a manifestation 
of the pathogenic process responsible for the decrease in chloride transport 
in the loop of Henle or is only a genetic marker for the syndrome (86) 
remains to be clarified. 

Erythrocytosis and increased production of erythropoietin without 
polycythemia vera or apparent cause for secondary polycythemia has been 
reported in twa patients with Bartter’s syndrome (87, 88). The source of the 
erythropoietin was thought to be the hyperplastic juxtaglomerular ap- 
paratus but the reason for its increased release was unknown. 

Studies reported in abstract indicate that platelets from patients with 
Bartter’s syndrome show a decreased response to stimuli that induce aggre- 
gation in vitro (89, 90). As the defect in aggregation could be corrected by 
gel filtration of the platelets into normal plasma (90) or by treatment of the 
patients with aspirin (89), the defect was attributed to a prostaglandin or 
prostaglandin-like substance in the circulation. 


Growth and Development (91) 


When Bartter’s syndrome occurs in infancy or childhood, it severely retards 
growth and may impair mental development. In those children who develop 
the syndrome during the first year of life, some degree of mental retardation 
has been a consistent finding. A delayed adolescent growth spurt usually 
occurs sometime after the seventeenth year with the eventual attainment of 
normal height. Hyperinsulinemia, with and without an abnormality in 
glucose tolerance, may be present. Treatment directed toward correction of 
the potassium deficiency appears to have little effect on growth and develop- 
ment or on the abnormalities of carbohydrate metabolism, although potas- 
sium depletion may well be the reason for the abnormalities. 


DIFFERENTIAL DIAGNOSIS AND MANAGEMENT 


Recent studies of three siblings indicate that renal potassium wasting with 
all of the clinical features of Bartter’s syndrome can occur with the histolog- 
ical findings of normal glomeruli and juxtaglomerular apparati and with 
normal proximal and distal sodium chloride reabsorption (92). This disor- 
der, apparently a familial tubulopathy but of unknown etiology, may be the 
same as that previously reported in two siblings (cases two and three in 
Reference 93), who showed minimal renal histological changes. It is not 
known, however, whether the potassium loss in these children was asso- 
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ciated with a normal tubular reabsorption of sodium chloride as results of 
renal clearance studies were not reported. Determination of distal fractional 
chloride reabsorption (23) can be used tc distinguish this disorder from 
Bartter’s syndrome. 

Vomiting, laxatives, or diuretics represent the most common causes of 
hypokalemia, and patients who vomit or inke such medications surrepti- 
tiously may be indistinguishable from those with Bartter’s syndrome (21, 
22, 55). Although urinary potassium is us_ally low and points to the gas- 
trointestinal tract as the source of the logs in patients with surreptitious 
vomiting or laxative abuse, urinary potasssam can be inappropriately high 
if alkalosis or hypokalemia is severe, eithe= because sodium bicarbonate is 
delivered to the distal tubule in large amounts or because the tubular 
handling of chloride is impaired by profoumd potassium depletion (33). In 
those patients with gastrointestinal loss of chloride and potassium and an 
inappropriately high urinary potassium, m=2asurement of urinary chloride 
excretion during a chloride intake of appr=ximately 100 meq per day can 
be a useful diagnostic test. If chloride excre<ion is low, usually less than 10 
meq per day, and is associated with a muck higher sodium and potassium 
excretion, a diagnosis of Bartter’s syndrome is excluded and an abnormality 
of gastrointestinal function suggested (22, 5=). Thus, urinary chloride deter- 
mination can be very helpful and is usually successful as a means of distin- 
guishing surreptitious vomiting or laxative abuse from Bartter’s syndrome. 
The distinction between surreptitious diuretc abuse and Bartter’s syndrome 
is more difficult. As the more commonly us2d diuretics such as furosemide 
and the thiazides decrease distal tubular reabsorption of sodium chloride, 
measurement of distal fractional chloride r2absorption in a patient who is 
taking them can show a decrease similar to that found in Bartter’s syn- 
drome. Therefore, a screen of the urine for the presence of diuretics may 
be necessary to confirm a suspicion of dsuretic abuse or to establish a 
diagnosis of Bartter’s syndrome. 

Magnesium depletion, as noted above, can produce hypokalemia and 
needs to be considered in the differential diagnosis of Bartter’s syndrome 
with hypomagnesemia (65, 66). 

Familial chloride diarrhea is a rare disease that can present with the 
features of Bartter’s syndrome (20, 67), buż it can be readily distinguished 
by history, the character of the stools, and measurement of chloride in the 
urine (67). 

The cornerstone of treatment of Bartt=r’s syndrome is correction of 
potassium depletion and its associated syr-ptoms. Oral administration of 
large amounts of potassium chloride (exceeding 160 meq per day of potas- 
sium) will usually correct the symptoms cf weakness, tiredness, and easy 
fatigability although hypokalemia still pers.sts. Such high dosages of potas- 
sium are usually not feasible because of gas-ric intolerance or diarrhea, and 
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lower dosages have been given in conjunction with diuretics such as 
spironolactone or triamterene, which decrease the renal loss of potassium. 

Hypomagnesemia, if present, should be treated with magnesium chloride. 
Although serum magnesium may show little change, symptoms of tetany 
and muscular cramps are frequently improved. 

Propranolol decreased plasma renin activity and aldosterone production 
in some patients (94, 95) but not in others (39, 96), and it did not raise serum 
potassium even in those who showed a decrease in aldosterone (94, 95). 
Propranolol also usually produces a decrease in blood pressure, which at 
times may be of sufficient magnitude to produce symptoms, may fail to 
prevent the stimulation of renin release by spironolactone (95), and may 
produce a paradoxical increase in plasma renin activity and aldosterone 
production (39, 96). Therefore its use in Bartter’s syndrome is probably not 
indicated. 

Inhibitors of prostaglandin synthesis such as indomethacin (5, 38, 39, 41, 
61, 70, 74), ibuprofen (5), or aspirin (40) can correct the hyperreninemia 
and aldosteronism in patients with Bartter’s syndrome but may only par- 
tially correct the hypokalemia. As these inhibitors of prostaglandin synthe- 
sis may produce abdominal discomfort or peptic ulceration, marked fluid 
retention, and other distressing side effects, they must be used with care. 
Small dosages of prostaglandin synthetase inhibitors combined with supple- 
mental potassium and potassium-sparing diuretics may permit a greater 
degree of correction of potassium deficiency in association with a lower 
plasma renin activity than has been heretofore possible (97). Such a thera- 
peutic approach can stimulate growth and development in children with 
Bartter’s syndrome (97) and may retard the development of proliferative 
and sclerotic changes in renal arteries, arterioles and glomeruli and renal 
failure which can occur in the syndrome. 

Patients with Bartter’s syndrome can become pregnant (98, 99), and the 
disorder may either improve spontaneously during pregnancy (98) or be 
readily managed (99) without outward effects on the fetus. 
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INTRODUCTION 


The designation “primary pulmonary hypertension” is generally used as a 
synonym for “unexplained pulmonary hypertension” (1, 2). Both clinicians 
and pathologists have adopted this term. Unfortunately, despite this appar- 
ent concurrence, not all who use the term have in mind the same disorders, 
etiologies, pathogenetic mechanisms, or anatomic lesions. 

For the clinician, the syndrome of primary pulmonary. hypertension has 
three essential features: (a), clinical, x-ray, and. electrocardiographic evi- 
dence of pulmonary hypertension, (6) abnormally high pulmonary arterial 
pressures and pulmonary vascular resistance in the face of a normal pulmo- 
nary wedge pressure and a nearly normal cardiac output, and (c) insufficient 
cause for the pulmonary hypertension either in the lungs or heart (3). 

Since the advent of cardiac catheterization (4), the pathologist has partic- 
ipated-in the search for etiology by seeking to establish the extent and nature 
of the widespread pulmonary vascular disease, and by excluding cardiac or 
pulmonary causes of diffuse pulmonary vascular involvement. Indeed, re- 
‘cently afew pathologists assumed the lead in attempting to sort out-primary. 
pulmonary hypertension when they proposed that a distinctive vascular 
lesion, i.e. “plexogenic arteriopathy,” is prerequisite. for the diagnosis of 
primary pulmonary hypertension (1). But, as indicated below, this proposi- 
tion has not been universally accepted (5-7). 


1The material in this review was presented in part in the Dickinson W. Richards. Memorial 
Lecture, at the Annual Meeting of the American Heart Association, 1979. 
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EPIDEMIOLOGY 


About 1000 cases have been reported to date (8). Except for the single 
epidemic associated with the ingestion of -he anorexigenic agent, Amino- 
rex®, the disorder has been sporadic. In bus; cardiac catheterization labora- 
tories devoted primarily to right heart catheterization, the incidence of 
primary pulmonary hypertension is of the order of 1-2% (9-11) and is 
apparently strongly influenced by the population that a particular labora- 
tory encounters. | 

Because pulmonary hypertension is apt tc be overlooked clinically unless 
it is severe, the age of onset is often difficult to define accurately. Until 
adolescence, males and females are about equally affected; thereafter, 
females predominate (10, 12). The age span is exceedingly broad, ranging 
from a few days after birth to the sixth decede (8). Most published reports 
deal with adults in their twenties or thirties. The wide spread in age may 
reflect different etiologies. This view is strongly supported by the spikes in 
incidence in young children and women zad by the epidemic associated 
with the ingestion of aminorex (9). 


NATURAL HISTORY 


Except for its late stage, the course of primary pulmonary hypertension is 
difficult to trace because (a) it is an uncommon disorder, (b) it is usually 
discovered late in its evolution, and (c) he course may vary with the 
etiologic agent. For these reasons, unless orz deals with a specific group of 
people with primary pulmonary hypertension (9, 13), survival is not easily 
related to the patient’s age at onset. For ezample, in one series the mean 
survival time was two to three years whereas in others it was 19-29 years 
(12, 14). Nor is the usual grim prediction warranted that, once diagnosed, 
rapid progression to death is inevitable. I-deed, in children (15) and in 
adults after aminorex ingestion (9, 10), reversal is not uncommon. 


ETIOLOGY 


By definition, the clinical designation primary pulmonary hypertension 
assumes that despite exhaustive search, the cause(s) is still a mystery and 
that the disease is confined to the arterial resistance vessels. Occasionally, 
lung biopsy or autopsy solves the mystery by disclosing subtle, diffuse 
pulmonary interstitial fibrosis, inapparent cna the chest x ray, as the cause 
of the pulmonary hypertension (16). At oter times, occlusive pulmonary 
vascular disease proves to be part of a systemic disorder, particularly colla- 
gen vascular disease (8). Also, an occasioral instance of progressive sys- 
temic sclerosis causes malignant pulmonery hypertension even though 
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intimal fibrosis is minimal or absent (17). Sometimes the enigma of primary 
pulmonary hypertension is compounded by the coexistence of systemic and 
pulmonary hypertension (18), which raises the prospect that a similar hu- 
moral or autonomic nervous mechanism may be involved in both. In tropi- 
cal countries, obliterative vascular disease caused by the passage of 
blood-borne parasites through the lungs sometimes evokes a syndrome that 
is indistinguishable from primary pulmonary hypertension (19). This occur- 
rence reinforces the widely held suspicion that many vascular insults may 
culminate in the same types of obliterative pulmonary vascular disease. 

In some patients, such as those in whom primary pulmonary hyperten- 
sion is associated with Raynaud’s phenomenon, the pulmonary hyperten- 
sion appears to be part of a generalized vascular disorder (20, 21). But, even 
when all known causes of secondary hypertension, no matter how subtle 
(22), have been excluded on clinical grounds and by lung biopsy, primary 
pulmonary hypertension remains a heterogeneous group of disorders. Three 
particular aspects of this syndrome suggest that different mechanisms may 
be operative in individual patients: (a) the familial incidence, (5) the differ- 
ent ages of onset, and (c) outbursts associated with the ingestion of particu- 
lar drugs or foods. 


Familial Incidence 


Primary pulmonary hypertension sometimes runs in families (8, 23, 24); it 
also occurs in twins (25). Whether the disorder is inherited (26, 27) or 
acquired from some shared environmental exposure is not clear. 


The Age of Onset 


One variant of the syndrome occurs soon after birth. It has been widely 
attributed to persistence of the fetal circulation (28, 29). Other mechanisms 
under consideration are fetal systemic hypertension or constriction of the 
ductus arteriosus in utero (28). The outstanding histological feature is 
hypertrophy of the media in small pulmonary arteries in a pattern reminis- 
cent of that seen in response to chronic hypoxia (30); fibrous obliteration 
of pulmonary vessels is inconspicuous or absent (31, 32). Plexiform lesions 
have not been described. The disorder presumably refiects either failure of 
hypertrophied fetal vessels to involute after birth or a disturbance in prosta- 
glandin metabolism. The primary pulmonary hypertension of early child- 
hood has no known relationship to primary pulmonary hypertension that 
affects young or middle-aged women. Nor is either of these clearly related 
to primary pulmonary hypertension in young men. 


Drug- or Food-Associated Mechanisms 


Probably the strongest clue that primary pulmonary hypertension can have 
multiple etiologies and that our way of life may contribute arcanely to its 
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pathogenesis was provided by an outbreaE of pulmonary hypertension in 
Switzerland, Austria, and Germany betweea 1966 and 1968 (9-11, 33). The 
epidemic followed the introduction in Movember 1965 of an appetite 
depressant agent, aminorex (5-amino-pher yloxazoline); the epidemic sub- 
sided after aminorex was withdrawn front the market in 1968. 

Aminorex resembles epinephrine and amphetamine in chemical struc- 
ture. Attempts to reproduce the disorder in experimental animals by admin- 
istering aminorex or catecholamines have been consistently unsuccessful 
(34). Despite some uncertainty, aminorex is generally accepted as the cause 
of the epidemic and as proof that an agent taken by mouth can selec- 
tively affect the pulmonary circulation. Ons residual enigma is why so few 
of the obese individuals who took the druz developed pulmonary hyper- 
tension; differences in individual suscertibility—presumably genetic— 
have been postulated (9). And to explain: why the disease has not been 
reproducible experimentally, a puzzling species difference has been invoked 
(35). 

The pulmonary vascular lesions associatzd with aminorex ingestion sat- 
isfy all anatomical criteria for primary pulmonary hypertension. Arterioles, 
from 40 to 600 um (3, 8, 11, 36) are predominantly affected. The lesions run 
the full range from medial hypertrophy and intimal fibrosis including “on- 
ion skin” lesions on the one hand, to focal necrosis of the vessel wall, 
perivascular inflammation, and plexiform lesions on the other. As expected, 
secondary phenomena of hyalinization of ar-eriolar walls, fibrin deposition, 
organization, and recanalization are super:mposed. Vasoconstriction has 
been inferred on morphologic, as well as physiologic, grounds to contribute 
to the pulmonary hypertension (8). The arge pulmonary arteries show 
structural changes consistent with the higa pressures to which they are 
exposed (8). 

The aminorex experience pinpointed the zossibility that substances taken 
by mouth could cause pulmonary hypertession that would defy attempts 
at conventional explanation (37). In suppor- of this notion is. the pulmonary 
hypertension produced by feeding the seed= of the shrub, Crotalaria spec- 
tabilis, to the rat, dog, and monkey (34, 38-40). The offending agents in the 
various types of crotalaria are the pyrrolizicline alkaloids: in C. spectabilis, 
the alkaloid is monocrotaline; in C. fulva, it is fulvine. 

The largest experimental experience has. been with monocrotaline (38). 
This alkaloid does not act directly on the p-Imonary circulation; instead it 
seems to be converted by the liver to dehydsomonocrotaline before exerting 
its pulmonary toxicity. At autopsy, widespr2ad interstitial fibrosis and me- 
dial hypertrophy of the small pulmonary ar=ries coexists with perivascular 
fibrosis; plexiform lesions and intimal fibrasis are absent. These findings 
suggest that the pulmonary hypertension is secondary to interstitial fibrosis 
and vasculitis (39). 
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Other evidence for “dietary” pulmonary hypertension is sparse. Bush tea 
has been implicated in the pathogenesis of pulmonary veno-occlusive dis- 
ease in both animals and man (38). Phenformin has also been indicated as 
an occasional cause (41). Despite this rarity, the experience with aminorex 
and bush tea on the one hand and crotalaria on the other suggest that 
substances taken by mouth can cause obliterative vascular lesions in the 
pulmonary circulation. How this gastrointestinal-liver-lung axis operates is 
unclear. Is it a metabolite of ingested food? Or are the ingested materials 
disrupting the processing of circulating vasoactive substances, such as 
serotonin, prostaglandins, or nucleotides, by the liver or the lungs? 

Of great interest along this line is the coincidence of portal and pulmo- 
nary hypertension (42, 43). Although some instances are undoubtedly due 
to, or complicated by, thromboembolic disease from the shunt (44), in 
others the pulmonary hypertension seems primary in the lungs. This coinci- 
dence, as well as the association of aminorex and pulmonary hypertension, 
again raises the question of individual predisposition since so few patients 
with severe liver disease develop pulmonary hypertension. Complicating the 
interpretation of an association between pulmonary and portal hypertension 
is the observation that acute hypoxia fails to elicit pulmonary vasoconstric- 
tion in patients with hepatic cirrhosis (45). 

If the syndrome of dietary pulmonary hypertension does exist, how does 
it come about? Multiple thromboemboli cannot be invoked, since the vascu- 
lar lesions do not appear to be thromboembolic in origin. Perhaps subtle 
endothelial injury and failure to inactivate vasoconstrictor substances 
brought to the lungs is at fault. After the original insult to the endothelium, 
is vascular damage self-perpetuating because of platelet aggregation, local 
release of vasoactive substances, endothelial dehiscence, naked basement 
membranes, and obstruction of the minute pulmonary vessels? Can endo- 
thelial injury be the common denominator by which certain drugs, such as 
nitrofurantoin, busulfan, monocrotaline, or hydralazine stimulate intersti- 
tial fibrosis in predisposed individuals? 


PATHOLOGY 


For pulmonary artery pressures to double or triple, vascular occlusive 
lesions must be exceedingly widespread. But, occlusion assumes many 
forms: medial hypertrophy, fibrosis, arteritis, obliteration and amputation 
of arterial branches. Since the clinical picture of primary pulmonary hyper- 
tension may be a consequence of a variety of initiating mechanisms, it would 
be surprising if the pathologic changes proved to be consistent. And they 
are not (8, 11). . 

The “plexiform lesion,” which some advocate as diagnostic of primary 
pulmonary hypertension, is also found in some instances. of secondary 
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pulmonary hypertension associated with congenital heart disease (5, 8, 11), 
in schistosomiasis (8), and in the pulmonary hypertension that coexists 
with hepatic cirrhosis (8, 44). The common denominator for this lesion 
is more apt to be a necrotizing arteritis—such as that produced by an 
episode of severe pulmonary hypertension—than a single etiologic agent 
(5, 7). 

Few of the other vascular changes are as striking as the plexiform lesion. 
In some instances of primary pulmonary hepertension, intimal fibrosis is an 
outstanding feature; in a few medial hyper=rophy predominates. Not infre- 
quently, smali emboli are found in peripheral branches; these seem to be 
secondary events. 

The variability in the pulmonary vascular lesions from patient to patient 
cannot simply be dismissed as representing different stages in the evolution 
of a single process following some type of widespread vascular injury. 
Several reasons for the disparities other then differences in rates of progres- 
sion can be suggested: (a) the duration and Jevel of the pulmonary hyperten- 
sion, (6) the age at which pulmonary hypertension begins and the state of 
the pulmonary circulation at the outset, (£) the sex of the patient, (d) the 
variable delay between the start of the vascular abnormalities and the first 
clinical manifestations, (e) the operation af different pathogenetic mecha- 
nisms, and (f) the coexistence of nonspezific vascular lesions that result 
from pulmonary hypertension from any cause with the vascular lesions 
triggered by the initiating agent. 


HEMODYNAMICS 


The hemodynamic findings in primary pudmonary hypertension are indis- 
tinguishable from pulmonary hypertensioa of other cause (9). Except for 
some of the aminorex patients (9), most patients are not subjected to cathe- 
terization until mean pulmonary artery pressures are in excess of 50 mm 
Hg; some have first been detected clinically when pulmonary arterial pres- 
sures exceeded 100 mm Hg. Right ventr.cular failure also has the usual 
features, i.e. an increase in right atrial anc right ventricular diastolic pres- 
sure, often accompanied by a decrease in zardiac output. During exercise, 
the increase in pulmonary arterial pressure is inordinant for the increase in 
cardiac output, reflecting the consequences of the restricted pulmonary 
vascular bed. 

Attention has also been called to spontaneous swings in pulmonary ar- 
terial pressure first noted in a young child with primary pulmonary hyper- 
tension (46). This observation supports the notion that in some individuals 
heightened vasomotor tone may contribute to the pulmonary hypertension; 
it also encourages the search for effective pulmonary vasodilators (4). 


PRIMARY PULMONARY HYPERTENSION 427 


COURSE OF THE PULMONARY HYPERTENSION 


Grim auguries for untreated primary pulmonary hypertension are tradi- 
tional (47, 48). These appear warranted for the sporadic disorder that 
occurs in young or middle-aged women, especially when pulmonary hyper- 
tension is severe. But, the predictions are less reliable when applied to 
children or to males. The aminorex epidemic also has taught that some 
forms of the disorder either stabilize at a tolerable level or are reversible (9, 
13). Indeed, as a general rule, the lower the pulmonary arterial pressure, 
the better is the prognosis (49). Also, it seems reasonable that predominant 
medial hypertrophy affords better prospect for reversal than do widely 
disseminated fibrous obliterative lesions. 


VASODILATOR THERAPY 


Both clinicians and pathologists strongly suspect that vasoconstriction con- 
tributes importantly to the pulmonary hypertension (3, 8, 50). But, in view 
of the heterogeneity of the pulmonary vascular lesions in disorders that are 
currently designated as primary pulmonary hypertension, it would be sur- 
prising if vasodilator therapy would be as uniformly successful in pulmo- 
nary, aS in systemic, hypertension where medial hypertrophy is the 
predominant or the exclusive lesion. Unfortunately, experience has borne 
out this prediction: during the last 25 years, no therapeutic measures have 
proved consistently successful in relieving symptoms or affecting either the 
course or outcome of the disease (3, 4, 51). Chlorothiazide, reserpine and 
corticosteroids have been consistently unsuccessful (52); still under trial are 
a variety of ganglionic-blocking agents and vasodilators that appear to act 
directly on smooth muscle. 

Before considering individual agents, two aspects that affect the interpre- 
tation of their effects warrant special mention. (a) The aim of therapy is to 
decrease the work of the right ventricle, primarily the afterload; but, the 
load may decrease not because of pulmonary vasodilation but because of 
other hemodynamic improvements, e.g. improved performance of the left 
ventricle. (b) The use of pulmonary “arteriolar” resistance as a measure of 
vasodilation is fraught with uncertainty unless either pulmonary vascular 
pressures or flow remains constant; if both are changing, the shape of 
pressure-fiow relationships in the pulmonary circulation must be taken into 
account (46). In addition to these two problems in interpretation, there is 
also a practical problem in implementation: the results of the acute adminis- 
tration of a drug do not automatically predict the effects of chronic adminis- 
tration of the same agent, particularly if the route of administration is 
changed. 
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Oxygen 


Attempts at pulmonary vasodilator therazy traditionally begin with the 
administration of 100% oxygen (51). The rationale is based on the capabil- 
ity of improved oxygenation to relieve -ypoxic vasoconstriction, both 
acutely and chronically. However, unless a=preciable arterial hypoxemia is 
present, the results are unimpressive. 


Acetylcholine 

Acetylcholine is a powerful pulmonary va=odilator when preexisting pul- 
monary vasomotor tone is high (3). Although repeated infusions over days 
in pulmonary hypertensive animals and children have succeeded in lower- 
ing pulmonary arterial pressure, repeated Intravenous injections either at 
close intervals, or continuously, are impractical as a therapeutic measure for 
a chronic disorder. Therefore, acetylcholine probably has its greatest utility 
as a test for heightened pulmonary vasomotor tone. 


Isoproterenol 


Isoproterenol is a sympathomimetic amine that acts almost exclusively on 
8-receptors. In usual intravenous doses (up $o 1 g/kg), it increases cardiac 
output by inotropic and chronotropic effects it also increases venous return. 
Sublingual or oral administration is unreliable. 

For acute studies, isoproterenol has been. administered intravenously. Its 
effectiveness as an acute pulmonary vasodgator has been inconsistent (51, 
53), and there has been no way, based on tbe antecedent clinical course, to 
predict its acute, or long-term, effectiveness. 

The relationship between the variable therapeutic response to acute ad- 
ministration of isoproterenol and pulmon=ry vascular histology has not 
been examined. Unfortunately, pulmonary =asodilation in response to acute 
administration of the agent provides no asst rance that the vasodilator effect 
will continue when either the oral or sublirsual route is substituted for the 
intravenous route. 


Tolazoline and. Phentolamine 

. Tolazoline and phentolamine are 2-substituted imidazolines with a tran- 
sient a-adrenergic-blocking effect. They also have important sympathomi- 
metic, parasympathomimetic, and histamire-like effects. Tolazoline is now 
primarily of historical interest. Like isoprot=renol, its effectiveness has been 
inconsistent (54). Phentolamine is a more patent adrenergic-blocking agent 
than tolazoline and its other effects are less prominent. Pulmonary arterial 
pressure and vascular resistance are often r=duced transiently by tolazoline 
administered intravenously. In one recent case report of a 29-year-old man 
with pulmonary hypertension, phentolamime (250 mg per day in divided 
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doses while awake) lowered pulmonary artery pressure and relieved symp- 
toms during. exercise for 20 months (54). However, as is the problem with 
most trials of vasodilator agents, it is difficult to generalize from a single 
experience, particularly when the patient is a male in whom the course of 
the illness is unpredictable and in whom the nature of the histological 
lesions in the pulmonary vascular tree is unknown. 


CONCLUSION 


‘The designation “primary pulmonary hypertension” refers to a variety of 
disorders. In attempting to identify the etiology, an important clue is the 
clinical setting in which the pulmonary hypertension arises. Because of the 
-diversity:in etiology. and pathology, the prospects for achieving relief by a 
. Standard program of vasodilator therapy seem slim. This pessimism is borne 
out by the fact that to date exceedingly few instances of improvement have 
occurred in response to the use of pulmonary vasodilators. A much better 
prognosis is afforded if an inciting agent is identified and withdrawn, as in 
the case of aminorex pulmonary hypertension. 
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Current studies of proteins that specifically bind folic acid and its analogues 
with very high affinity can be traced to the reports (1, 2) that milk contained 
endogenous Lactobacillus casei-active folate bound to a heat labile binder 
which could also bind exogenous folate but little or no methotrexate. Stud- 
ies using 9H-folic acid confirmed that it remained bound in the presence of 
activated charcoal, and demonstrated that the binding was saturable, virtu- 
ally abolished at pH 3.5, and not significaritly affected by competition with 
either reduced folates substituted at N-5 (5-methyltetrahydrofolate, folinic 
acid) or 4-amino analogues (aminopterin, methotrexate). The studies also 
Showed that bound folate eluted at low ionic strength from an ion-exchange 
column (3). The milk folate binder was a discrete minor whey protein that 
eluted from gels with beta lactoglobulin with an apparent molecular weight 
of 38,000 and showed concentration-dependent reversible aggregation (4). 
The protein was purified using affinity chromatography (5) and character- 
ized as a glycoprotein by several‘groups. It may impair uptake of folate into 
enteric microorganisms. (6), thereby allowing selective delivery of milk 
folate to the intestinal mucosa. The main practical effect of these studies has 
been in developing folate radioassays, in which milk remains the most 
widely used source of folate binder (7-9). 


GRANULOCYTE FOLATE BINDER 


Granulocytes from a minority of subjects contain protein that binds easily 
detectable amounts (>20 pg) of 3H-folic acid. This was discovered by 
chance when it inactivated, by binding, the tracer substrate being used to 
study dihydrofolate reductase in chronic granulocytic leukemia cells (10). 
In preliminary studies, the characteristics of this binder were essentially 
identical to those of milk folate binder. Later, an immunochemically 
identical factor with similar binding characteristics was found in leukocyte 
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lysates of women who were pregnant or taking oral contraceptives (11). 
Thus, this factor was known not to be Specifically associated with the 
leukemia; but reports of failure to find it 1 normal controls preserved the 
concept that it was an aberrant manifestation (11). 

Chronic granulocytic leukemia cells yielded folate-binding activity that 
resolved into two distinct fractions on botz ion exchange and gel exclusion 
chromatography. Whereas the larger mogecule bound folate irreversibly, 
binding of reduced but not oxidized folate by the low molecular weight 
protein was partly reversible, which suggesied a possible transport function 
(12). After purification by affinity chromacography, both binders migrated 
together as a single band in polyacrylamide disc gel electrophoresis and 
sedimentation equilibrium centrifugation, and showed immunologic iden- 
tity (13). A difference in isoelectric points was apparently due to differing 
sialic acid content. In one study, two of four subjects with binder in chronic 
granulocytic leukemia cells demonstrated avid binding of methotrexate 
(14). If this observation is confirmed anc if similar binders are found in 
subjects liable to receive methotrexate therapy, it may portend significantly 
altered pharmacokinetics of this agent. The binder is synthesized in the 
leukemic cells by mechanisms that are temperature dependent, and sensitive 
to ribosomal protein inhibition and sulfhedryl inhibitors (15). 

These binders were detected in up to 30% of normal controls’ granulo- 
cytes during kinetic studies of release in different population groups (16). 
Granulocyte release of these binders was similar to that of vitamin By), 
binders (17) in that those granulocyte papulations that contained folate 
binder released this in the presence of 50-mM lithium chloride or a mixture 
of calcium and the ionophore A23187. 

The latter agent can stimulate neutropr-ls to release more than 90% of 
specific granule markers, such as transccbalamin, and less than 10% of 
azurophilic granule markers such as £-g 1curonidase. Studies using this 
tool indicated that granulocyte folate bincers are almost exclusively local- 
ized within the specific granules of these c=lls (18), despite the prior report 
of subcellular localization in the heavy nuclear and mitochondrial fractions 
(19). The release observed in the presence of ionophore A23187 plus cal- 
cium and that in the presence of lithium h=d similar functional and kinetic 
characteristics, which generally approximeted those that might be observed 
during phagocytosis. 

Although a functional role for folate binder in granulocytes has not been 
demonstrated, their release under conditicns mimicking phagocytosis sug- 
gests that they may play a role in primary cellular responses to injury. Since 
the binding reaction withholds folate from bacterial colonies (6), such a role 
could include control of bacterial proliferation by scavenging folate re- 
quired for de novo synthesis of thymidine-DNA. 
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SERUM FOLATE BINDER 


It is important to differentiate specific, high affinity, serum folate binding 
from the weak, nonspecific association that albumin and other serum pro- 
teins form with almost half the folate in serum. High affinity binders were 
first reported in sera of some patients with chronic granulocytic leukemia 
(20) and subsequently in alcoholics with folate deficiency (21), uremics (22), 
and subjects with liver disease (23). Detectable amounts of unsaturated 
folate binder are present in approximately 15% of normal subjects (24). 

The family tree of a group of normal subjects with elevated folate binder 
suggested an autosomal dominant mode of inheritance of this characteristic 
(25). Treatment of serum with charcoal at acid pH strips endogenous-bound 
folate from its binding sites, which can then be labeled at neutral pH with 
tracer folate (24). Through the use of this technique, high affinity folate 
binders have been demonstrated in all human and animal sera tested. Re- 
moval of endogenous folate at acid pH by dialysis or coated-charcoal expo- 
sure yielded unsaturated binding sites suitable for Scatchard plot analysis, 
which suggested a single class of binders with an association constant for 
folic acid 2.8 X 10!° liters per mole. Thus, only 16 ng of folic acid per 
liter are required to half-saturate these binding sites, although almost all 
serum folate is 5-methyltetrahydrofolate, which is bound with much lower 
affinity. 

The serum folate binder elutes as a single peak in gel exclusion chroma- 
tography corresponding to an apparent molecular weight of 42,000 (24). 
Although serum folate binder previously appeared homogeneous in DEAE 
cellulose chromatography, we were able to elute two discrete peaks from 
DEAE-Sephadex® (26), the first with phosphate-buffered saline at 0.08 M 
and consisting almost entirely of unsaturated binder, and the second ap- 
pearing at 0.12 M with equivalent amounts of saturated and unsaturated 
binder (27). 

This chromatographic evidence for heterogeneity was supported by the 
observation that serum folate binder of probable granulocytic origin bound 
folic acid optimally at a lower pH and with less inhibition by methyltetrahy- 
drofolate than that of probable hepatic origin (27). 

Many properties of the serum binders are similar to those of granulocytes, 
including rapid association and slow dissociation of bound folic acid, prefer- 
ence for oxidized rather than reduced folate, elution as a 8-globulin, recov- 
ery in the transferrin band after polycrylamide gel electrophoresis, and an 
apparent molecular weight of about 40,000 (28). The acid dissociation 
technique (23) was used to remove bound folate from normal neonatal cord 
serum, uncovering a high affinity binder similar in molecular weight to that 
observed in adults, but showing a less marked preference for folic acid over 
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methyltetrahydrofolate, which exhibited equal competition when present in 
a molar ratio of 1:4 (29). 

Alterations occurring in different clinical conditions, were assessed by 
measuring unsaturated binding capacity (UFBO), total binder (TFBC), and 
percentage saturation in normal subjects of both sexes, azotemic males, 
males with histologically proven cirrhosis, and pregnant women. The re- 
sults are shown in Table 1. All normal subjects had greater than 33% 
saturation of the binder, with an average saturation of 67%. The observed 
range of TFBC was 100-325 pg/ml, with 3. of 20: showing UFBC greater 
than 125 pg/ml. Total binder levels we-e above this range in 40% of 
azotemic males, in whom percentage saturation was near the normal range. 
Thus a normal binder with normal affinizy may be present in increasing 
amounts, perhaps because of an interference with normal urinary excretion. 
In contrast, in none of the cirrhotic subjects were. total binder levels ele- 
vated, but unsaturated binder was significantly elevated. in 60%, which 
suggests that the protein was present in ncrmal quantities but had altered 
affinity for methyltetrahydrofolate compared with folic acid. Finally, preg- 
nant women demonstrated two abnormal patterns: 27% had grossly ele- 
vated total binder levels with saturation decreased below 33%, whereas a 
proportion of those with normal total bmder levels also had decreased 
saturation (24). 

Fernandes-Costa & Metz (30) reported that binding sites for methyltet- 
rahydrofolate in sera of pregnant women were fully saturated in the physio- 
logical state and that binding of added °H-7plic acid was mainly to sites not 
available to methyltetrahydrofolate. This suggested a mechanism for the 
previously observed differences in compettion of methyltetrahydrofolate 
for folic acid binding in different sera (27. 29). They also suggested that 
binding of methyltetrahydrofolate and/or folic acid altered the configura- 
tion of the binding protein sufficiently to change the elution pattern in gel 
exclusion chromatography (30). 


Table 1 Unsaturated (UFBC) and total (TFBC) folate-binding capacity and percentage 
saturation (Mean + SE) 


Number of UFBC TFBC Saturation 
Patients patients (pg/ml) (pg/ml) (%) 
Normal 20 61+11 174 +16 67+5 
Uremic 20 119+18 344 +44 64+5 
Cirrhotic 10 131432 226+30 45+9 
First trimester of pregnancy 25 131+40 248 +46 6125 
Second trimester of pregnancy 49 207:+ 33 299 + 36 4343 


Third trimester of pregnancy 20 155 +52 257 +49 5347 
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The role.of high affinity serum ‘folate binders in cellular folate transport 
remains obscure. It can impair the uptake of folic acid and: methyltetrahy- 
drofolate into human bone marrow cells in vitro (31) and into HeLa cell 
cultures in vitro (32). A. folate derivative linked to‘amino acid labeled with 
gamma-emitting selenium and coupled to pregnancy serum folate binder 
was delivered predominantly to the liver in both pregnant and nonpregnant 
animals, in. contrast to ‘significant uptake into placenta. and fetal -tissues 
when weakly bound: to nonspecific serum proteins (33). 


OTHER FLUIDS AND TISSUES 


‘Cerebrospinal fluid-contains folate binder identical to that.in serum except 
that it is primarily unsaturated (34). Similar binders have been noted in 
urine and bile-but have not been well characterized.. 

The first folate binder identified in other body tissues was that partially 
purified by ethanol fractionation of a citric acid. extract of hog kidney 
acetone powder. It resembled granulocyte and milk binders in its relative 
affinity for the different folates, poor binding of methotrexate and folinic 
acid, dissociation at pH 3.5, and reversibility of binding below pH 6 (35). 
Although binding by the.acetone powder was essentially irreversible and 
independent of folate concentration above pH 6, subsequent study of fresh 
rat kidney, in which brush border membrane was the main source of binder, 
‘ showed binding kinetics virtually identical to those of serum, with an associ- 
ation constant of 2.4 X 10!° liters per mole-(36). It was hypothesized that 
- brush border binder might contribute to the reabsorption of folate from 
glomerular filtrate. 

Different techniques have been used to study folate binder in liver by 
following the localization and behavior of radioactivity after intraperitoneal. 
injection of *H-folic acid (37). Four binders of different molecular weight 
in the cytdsol and mitochondria were identified, binding primarily poly- 
glutamate folate: These fractions ‘bound significant amounts of tritiated 
polyglutamates but'small amounts of monoglutamates in vitro. The data 
suggested the existence’of a membrane carrier for radioactive:folic acid on 
the plasma membrane fraction of the liver cells, with probable storage of 
natural folates in one of the cytosol-binding proteins (37). 

Folate binding by a probable membrane carrier-was identified in solubil- 
ized materials from-the particulate fraction of choroid plexus homogenate, 
with an affinity constant similar to that in serum (38). Brush border mem- 
brane proteins of the epithelial. cells.of the.small intestine. bound folate 
differently’from all the~tissues :previously.:noted, having ‘a. much lower 
affinity and- the capacity’ for‘ stereospecific inhibition by p-amindbenzoyl- 
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glutamate, in contrast to all binders previously noted (39). A membrane 
carrier function for this protein has not teen demonstrated. 


CONCLUSION 


It appears certain that only a small part <f the spectrum of folate binder 
action has been revealed as yet, but with the data at hand several possible 
modes of action can be anticipated. First, milk folate-binding protein may 
withhold the vitamin from enteric bacteris and may even directly enhance 
mucosal transport of the vitamin across th= wall of the small intestine (40). 
Second, the binder in granulocytes may be -leased during phagocytosis and 
play a role in the control of infection by preventing invading microorgan- 
isms from synthesizing DNA. Third, seram folate binder may facilitate 
selective transport of certain folates into di-iding cells and other folates into 
liver. Cerebrospinal fluid binder may be inzportant in transport of folate in 
the central nervous system, whereas the birder located in the choroid plexus 
is the archetype of intracellular folate tinders, which may function as 
membrane carriers and/or as mechanisr=s for the storage of folates of 
appropriate chemical configuration. — 
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Lack of effective antiviral drugs has: led to dependence on vaccines for 
control of many viral diseases. These diseases are primarily “childhood 
diseases,” so immunization activities have largely been directed toward 
children. Notable exceptions to this emphasis on children are influenza 
immunizations. Even with effective viral vaccines, significant efforts to im- 
munize children, and generous financial support to purchase vaccines, it is 
becoming evident that a portion of the adult population remains susceptible 
to one or more of these common childhood diseases. These adults are 
“victims” of one or more of the following circumstances: (a) the widespread 
use of vaccines creates a herd immunity that reduces the usual exposure to 
these viruses; (b) not all persons are immunized in childhood; or (c) some 
persons receive ineffective or mishandled vaccines (vaccine failure). The 
bottom line is that an increasing proportion of adults could greatly benefit 
from “childhood” vaccinations. The situation is somewhat complicated by 
the relative lack of knowledge of these vaccines among nonpediatricians, as 
well as indications that these vaccines are less antigenic (1) and at times 
more reactive (2) in adults. 

Adults are the primary target for influenza and rabies vaccines, although 
children frequently receive the latter. Influenza immunization creates con- 
fusion, frustration, and/or fright because of the many influenza strains that 
have been isolated, the phenomena of antigen drift and shift, the unpredicta- 
bility of influenza outbreaks, the varying manufacturing processes, the cre- 
ation of “priority” categories to receive the vaccines, frequent reactions, and 
the unexplained relation between “Swine” influenza vaccine and the Guil- 
lain-Barré syndrome. Decisions on administration of rabies vaccination 
may be delayed and the vaccine may cause serious side effects. 

Several viral vaccines are required only by the traveler, and at times are 
unavailable at the family practitioner’s or internist’s office. Finally, in the 


441 
0066-4219/80/0401-0441$01.00 


442 SCHIFF 


area of viral research, newer vaccines thaz will involve adults are under 
development. 

There are several bacterial vaccines avaiable for adults. Some are used 
only because of foreign travel requirements and have dubious effectiveness. 
Diphtheria toxoid is occasionally given to an adult, and wound manage- 
ment frequently involves tetanus toxoid adrinistration in adults. New cap- 
sular polysaccharide bacterial vaccines are indicated for certain segments 
of the adult population. 

There are two rickettsial vaccines: typhu= and Rocky Mountain Spotted 
Fever vaccines. The former is used in travelers, and the latter recommended 
for a select adult population only. 

Before consideration of the individual vaccines, certain statements should 
be made: 


1. In general, live, attenuated viral vaccine are superior antigens to killed 
(inactivated) viral vaccines in original antibody response, booster re- 
sponse, and duration of antibody respo=se. 

2. Except for live triple oral polio vaccine, tie risk of contact infection from 
live virus vaccines is almost nil. (This refers to usual, nonplacental, 
modes of spread.) | 

3. Except for rubella administration to a woman who is pregnant or gets 
pregnant within three months, vaccinezion is not contraindicated in 
pregnancy if the benefit from the vacanation outweighs the risk of 
contracting the natural disease. However, in general, live vaccines 
should be avoided whenever possible. 

4. The accurate determination of immuraty to the viral diseases is by 
serological test. “Significant” or “protective” serum antibody levels will 
vary from laboratory to laboratory. 

5. No vaccine results in a 100% immunity rate. Where practical, and 
important enough, follow-up serology stould be conducted post-vacci- 
nation. 

6. Reasons for vaccine failure include baz lot, mishandling of lot, viral 
interference, concomitant administration of immune serum globulin, 
and, in the infant, presence of materna_ antibody. 

7. Live vaccines are generally contraindic=ted in immunosuppressed and 
immunodeficient individuals. 


VIRAL VACCINES 


Influenza Vaccines 

Many virologists have spent lifetimes on trang to control, if not eradicate, 
influenza. Man is beset by three types of imdluenza: A, B, and C. Influenza 
A occurs in endemic, epidemic, and pandemic fashion, has a high morbid- 
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ity, and, at times, a high mortality rate. It has been found worldwide, and 
tends to occur in the cold months of the year. While usually a self-limited 
illness confined to the upper respiratory tract and associated with significant 
systemic signs and symptoms, complications may occur. The most common 
are the pulmonary complications, which are pure influenza infiltration, 
secondary bacterial infection, or both. These complications usually have 
severe consequences. Influenza A occurs in both adults and children. In- 
fluenza vaccines have been made since the 1940s. But the occurrence of 
frequent antigenic drift and less frequent antigenic shift has compromised 
Influenza A vaccine-induced protection. To be most effective, Influenza A 
vaccines should contain the contemporary strains of Influenza A circulating 
in the population, should be given in adequate dose at least two weeks before 
exposure to the virus, and should be given as an annual booster. If these 
criteria are met, influenza vaccines in civilian populations are 60-70% 
effective (3, 4). Influenza B also occurs in endemic, epidemic, and pandemic 
fashion but to a lesser degree than Influenza A. Influenza B undergoes less 
frequent and less significant antigenic shift. Influenza B appears to affect 
children more than adults. The same rules for Influenza B vaccines apply 
as for the A strain vaccines. Influenza C 1s a very uncommon human 
pathogen, and no Influenza C vaccine exists. 

All influenza vaccines licensed in the United States are egg-grown, inac- 
tivated vaccines. The vaccines are usually polyvalent (contain one or more 
A and one B strain), and are manufactured as “whole” or “split” product 
vaccines. The former essentially contains the whole, purified virus, while the 
latter contains the purified antigens responsible for inducing protective 
antibody. Recent improvement in manufacturing procedures has resulted 
in purified preparations with relatively increased amounts of desired anti- 
gens. This gives rise to fewer side effects and better antigenic activity. There 
is some debate about whether the “whole” or the “split” product vaccine 
is superior in terms of antigenicity and reactivity (5, 6). Dosage in adults 
varies with age. The general recommendation is a single inoculation for 
persons over 27 years of age with either whole or split product vaccine, and 
two inoculations 2—4 weeks apart of split product vaccine for persons 18-26 
years old. 

Reactions to influenza vaccines are common but usually mild to moder- 
ate. Most frequent complaints are soreness and redness at site of inocula- 
tion. At times severe reactions can occur. Persons with a known allergy to 
eggs or egg products should not receive influenza vaccine. 

The apparent association of Guillain-Barré syndrome with Influenza 
A/T6/NJ (Swine) vaccine remains an enigma. While opinion differs, it is 
generally thought that influenza vaccine should be given to the high risk 
groups (see below). 
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Much effort has been devoted to the c2velopment of live, attenuated 
influenza vaccines (7, 8). Several schemes have been devised to manufacture 
them, including temperature-sensitive mutant hybrids, cold-adapted hy- 
brids, and serum inhibitor resistant strains. “he hoped for advantages of live 
influenza vaccines are (a) rapid incorporation of new antigenic strains with 
rapid manufacture; (b) ease of administration (orally); (c) stimulation of 
local IgA antibody; (d) persistence of ir-munity; and (e) reduction of 
serious side effects. Several potential live, attenuated strains have been 
tested in humans. (9) Our laboratory in Gncinnati field-tested the serum 
inhibitor hybrid Alice (A) and Barbara (B> strains. The A strain was very 
effective (90%) (10) and the B strain was ineffective (40%), as was the 
combination (A-50%, B-30%) in high sczool children. Obviously the B 
strain interfered with the A. 

The policy for administration of influenza vaccines in this country sets 
up priority categories. These categories co=sist of persons who by history 
are either more susceptible to influenza an=/or have a higher incidence of 
severe disease and complications. Such g-oups are the elderly (over 55 
years), persons with chronic pulmonary ari cardiac diseases, persons im- 
munosuppressed by disease or drug, persons in crowded conditions, medical 
and hospital personnel, and all essential p=rsonnedl. 

Several anti-influenzal drugs have recently been or are currently being 
developed. Amantadine has been licensed a-d its congener rimantadine has 
been used successfully in prophylaxis against many Influenza A strains (11, 
12). However, daily administration of drug must be maintained throughout 
the duration of the epidemic. There is some evidence that these drugs may 
have a therapeutic effect (13). My personal recommendation for amantadine 
is to use it prophylactically during an Influezza A outbreak on an individual 
basis until two weeks after the proper vaccine can be administered. 

Another promising anti-influenzal drug is Isoprinosine ®. Several recent, 
well-controlled human trials in the US have indicated favorable therapeutic 
effect by the drug against Influenza A strains (14-16). This drug is not 
licensed in the US. 


Rubella Vaccines 


Rubella vaccines (17, 18) were licensed for use in the US in 1968-1969. 
These were three live, attenuated virus vaccines that differed in the type of 
cell line on which the virus was grown. All gave a 95-98% antigenic 
response when administered to susceptibl= children and adults. It soon 
became evident that one vaccine (HPV-77, DK-12) produced unacceptable 
side effects (parethesias, arthralgia, arthrit-3); it was withdrawn from the 
market. A newer vaccine, RA 27/3, growz in human cells (WI-38), has 
recently been licensed in the US (19). 
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The strategy for use of rubella vaccine in this country has been to vacci- 
nate all children 12 months of age until puberty. In this manner, an effective 
herd immunity might be produced that would prevent natural rubella out- 
breaks from flourishing, and hence the real targets of rubella prophylaxis, 
the susceptible pregnant women, might receive indirect protection. Because 
the vaccines were live viral products, a theoretical danger of vaccine- 
induced teratogenesis existed if given to pregnant women. After millions of 
doses of rubella vaccine have been given, the situation is as follows: (a) the 
incidence of congenital rubella dramatically decreased; (b) no vaccine- 
induced defective baby has been born, although abortuses of women vac- 
cinated in early pregnancy yielded vaccine strain virus (20); (c) the herd 
immunity achieved has not stopped rubella outbreaks; (d) the outbreaks of 
rubella are occurring in persons not vaccinated, i.e. older teenagers, college 
students, young adults; (e) vaccine-induced immunity is slowly decreasing 
with time (10% are no longer protected at 12 years) (21); (f) teenage 
females appear to lose their immunity at a faster rate than younger females 
(1); (g) 20-35% of 18-25-year-old females remain susceptible (22); (A) 
history of previous clinical illness is worthless as a determinant of immu- 
nity; (2) the rubella vaccine of choice is the RA 27/3 vaccine (19). 

What all this means is that 20-35% of today’s child-bearing-age females 
are susceptible to rubella, and rubella is still occurring in this age group. 
Some attempt should be made to immunize these women. To this end, we 
do the following (23): (a) Recommend serological testing for every woman 
of child-bearing potential. (b) Vaccinate as many of those that are suscepti- 
ble as possible on an individual basis. We educate the women to the danger 
of being pregnant at the time of vaccination or of becoming pregnant for 
three months afterward. We encourage some type of birth control during 
the three-month period, and selectively vaccinate women (i.e. not all are on 
contraceptives). (c) We retest the vaccinees 6-8 weeks after vaccination to 
ensure the presence of antibody. (In our experience with young adult 
women, vaccine failure is as high as 20%.) If there is vaccine failure, we 
revaccinate, and then retest. 

Our studies show that 15-20% of young adult males are also susceptible. 
We encourage their vaccination because natural rubella in any adult can 
result in unpleasant and persistent joint and muscle symptoms. We also 
stress the fact that the unvaccinated, susceptible male may spread the virus 
to the pregnant woman. 

Only a single inoculation of rubella vaccine is needed unless follow-up 
antibody assay indicates failure. The side effects of the RA 27/3 vaccine 
occur in about 5% of the population; they are usually mild, but can occa- 
sionally cause an arthralgia or arthritis. The latter may resemble rheuma- 
toid arthritis but is temporary and nonresistant. 
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Measles Vaccine 
Measles vaccines (24, 25) became available in the mid 1960s. Initially, there 
were inactivated and live, attenuated vacc_aes. A dose of immune serum 
globulin was recommended with the live veccine. Soon, further attenuated 
measles vaccines were developed and are now the current vaccines of 
choice. Measles vaccination has become part of routine well-baby care. 
In the past, measles rarely occurred in adults and vaccination was not 
considered for this age group. The situatimnn has changed probably as a 
result of the measles vaccination program and its effects on “measles 
ecology.” In the US, large epidemics of measles are occurring among the 
older teenagers, college students, and youngadults (26). Mixed in with these 
epidemics are cases of atypical measles in persons who were given inac- 
tivated measles vaccines in the past (27). It appears that a significant portion 
of young adults currently lack measles immunity. They escaped the “immu- 
nization network” and natural exposure was reduced because of the com- 
munity effects of effective vaccination progrems. Adult measles is frequently 
a more serious disease than childhood measles (27). It is reasonable to 
immunize young adults who are considered susceptible by history alone 
with further attenuated measles vaccine (a single inoculation). Side reac- - 
tions occur in 15% of the vaccinees and are wsually mild. There is no danger 
in immunizing persons who already posses antibody. 


Mumps Vaccine 

Live, attenuated mumps vaccine (28) became available in the 1960s. Unlike 
measles and rubella vaccines, there has not been uniform acceptance of the 
routine use of mumps vaccine in the pediatric population. Despite a 95% 
seroconversion rate and minimal side-effects from the vaccine, some physi- 
cians were dubious about the persistence of ~accine-induced immunity, and 
preferred to permit their patients to be expcsed to natural mumps with its 
resultant long-term immunity. 

The problem of mumps in the adult concerns the more serious nature of 
the disease (i.e. orchitis, oophoritis) in posi-pubertal persons. Physicians 
frequently encounter the father who has nz history of clinical mumps or 
vaccination and has children with acute cases of mumps. The use and 
effectiveness of mumps hyperimmune globz=lin is not clear. 

Mumps vaccine may be given to susceptit e adults. Susceptibility may be 
determined by a serum neutralization test, but the test is relatively difficult 
to perform and is not readily available. Tke mumps skin tests are totally 
unreliable. It is reasonable and practical to rely on lack of history of clinical 
mumps for a decision on whether or not bo administer mumps vaccine. 
Subclinical mumps is not uncommon, so vaccine will at times be given to 
some who actually are immune. A single inoculation is adequate. Side 
effects are minimal and mild. 
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Polio Vaccine 

Routine polio vaccination of adults residing in the US is not recommended 
(29). Most adults are already immune to polio, the risk of exposure is very 
small, and there is a slightly greater risk of vaccine-associated paralysis than 
in children. However, polio vaccination is recommended for susceptible 
adults who will be at increased risk to exposure by virtue of traveling to an 
area where polio is common. Because it is not practical to conduct serologi- 
cal tests to determine immunity to polio in prospective travelers, the recom- 
mended primary series of polio inoculations should be completed based on 
past immunization history. The primary series consists of three doses of 
trivalent oral polio vaccine (TOPV). The first two doses should be given not 
less than six weeks apart, and the third dose should follow in 8-12 months. 
Obviously, this recommendation is frequently impractical or there is confu- 
sion about the past polio inoculation history. In such instances, at least a 
single TOPV should be given. A similar “booster” dose should be given to 
adults who completed their primary series in the distant past. 


Yellow Fever Vaccine 


The recommended vaccine is the 17-D strain; it should be given to adults 
traveling to endemic areas. A single dose is given, with a booster dose every 
ten years. 


Rabies Vaccine 

Rabies vaccine (30, 31) is administered to adults under two circumstances: 
as preexposure prophylaxis for laboratory workers and veterinarians who 
are at unusual risk of exposure to the virus, and as post-exposure pro- 
phylaxis. The duck embryo vaccine is currently employed in the US. Local 
and systemic reactions are frequent, but, in post-exposure prophylaxis, 
should not contraindicate completion of treatment. In the near future, a 
new rabies vaccine, grown in human WI-38 cells, will become available. (32) 
This vaccine requires fewer inoculations and is associated with fewer side 
reactions. 

When rabies exposure has been determined, vaccine is given alone or in 
combination with human rabies immune globulin. When given alone, 14 
daily injections are administered. When given with serum, 21 doses are 
recommended. These may be given as 21 daily doses, or as two daily doses 
for the first seven days, and one daily dose the next seven days. Booster 
doses are given 10 and 20 days after completion of the primary series. 

Preexposure prophylaxis consists of either two doses given one month 
apart followed by a third dose in six months, or three doses five days apart 
followed by a fourth dose a month later. Serum antibody should be mea- 
sured after completion of either series, and, if antibody is absent, booster 
doses given monthly until antibody is present. 
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BACTERIAL VACCINES 


Pneumococcal Vaccine 


Despite the availability of effective antibiotics for treatment, Streptococcus 
pneumoniae (pneumococcus) disease is st ll responsible for considerable 
morbidity and mortality in the US (33). Preumococcal pneumonia has an 
overall mortality of 5-10%, and is a par-icularly serious disease in the 
elderly and the debilitated. Pneumococcal meningitis and septicemia re- 
main serious problems. Persons who have undergone splenectomies or have 
functional asplenia are particularly vulnerzble to pneumococcal infection. 

A polyvalent capsular polysaccharide vaccine against pneumococcal in- 
fections became available in the mid 1970s.(33, 34). The vaccine contains 
capsular polysaccharide from 14 strains of :neumococcus, which accounts 
for at least 80% of all bacteremic pneumococcal disease in the US. Early 
studies have shown that vaccine-induced antibody remains at satisfactory 
levels for at least several years, has been 30% effective in reducing the 
incidence of bacteremic pneumococcal pnenmonia, and is safe. 

Definite recommendations for use of the pneumococcal vaccine have not 
as yet been determined, but the vaccine should logically be given to the 
elderly, patients with chronic pulmonary nd cardiac disease, debilitated 
persons, asplenic (anatomical and function!) patients, diabetics, and renal 
patients. A single inoculation is used. Needs and schedules for boosters have 
yet to be determined. Side effects are common but minor. In some studies, 
Arthus-type reactions were noted when boosters were given (34). 


Meningococcal Vaccines 


Three polysaccharide vaccines against diseases caused by Neisseria meningi- 
tides are available in the US (35, 36). These are monovalent A, monovalent 
C, and bivalent A-C. Routine use of these veccines in civilian adult popula- 
tions are not recommended. The routine use of Type C vaccine has virtually 
eliminated Type C meningococcus meningitis among military personnel. 
The vaccines may be given prophylacticall* to travelers to endemic areas 
of meningococcal disease, possibly in the coatrol of local epidemics, and as 
adjunct to antibiotic prophylaxis to househald contacts. No vaccine exists 
for Type B meningococcal disease, which continues to cause the majority 
of meningococcal disease in the US. 


Diphtheria Toxoid 

Need for diphtheria immunization in aduls is uncommon, although the 
disease occurs in adults and is usually severe. Rigid surveillance among 
specific adult populations (i.e. illegal aliens) would undoubtedly magnify the 
need for adult immunization. Primary immunization requires three doses 
of combined diphtheria and tetanus toxoid -abeled Adult Type (Td). Peri- 
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ods of 4-6 weeks and 6-12 months separate the first and second doses and 
the second and third doses, respectively. 


Tetanus Toxoid 
The bulk of the use of tetanus toxoid in adults is in the form of “booster” 
inoculation given as part of wound management. However, there are adults 
who have never undergone primary immunization. In adults, tetanus toxoid 
can be given separately or in combination with diphtheria toxoid (Td). 
Primary immunization consists of three doses: the second dose 4-6 weeks 
after the first dose, and the third dose 6-12 months after the second. 
Boosters in wound management are recommended if five years have elapsed 
since the completion of the series on a previous booster. In the absence of 
wound management a booster should be given every 10 years. There is a 
tendency by the medical profession to “over-booster” for tetanus. 
Tetanus vaccination is especially indicated for workers in contact with 
soil and domestic animals and for persons with increased risk of trauma. 


Other Bacterial Vaccines 


Cholera, plague, and typhoid vaccines are inactivated vaccines and are 
primarily indicated for travelers. Typhoid vaccine may also be given to 
persons with intimate exposure to a known carrier, and to those exposed 
in institutional outbreaks. 


RICKETTSIAL VACCINES 


Rocky Mountain Spotted Fever Vaccine 


An inactivated vaccine for Rocky Mountain Spotted Fever is available (37, 
38). It is recommended for laboratory personnel and individuals at high risk 
of occupational exposure. In addition, some physicians administer the vac- 
cine to residents of high endemic areas. However, the vaccine is not consid- 
ered effective, and accurate diagnostic tests for the disease and effective 
antibiotic treatment exist. Therefore, use of the vaccine under any condi- 
tions is questionable. 


VACCINES UNDER DEVELOPMENT 
Hepatitis B 


Several hepatitis B vaccines are currently being tested in humans (39, 40). 
The vaccines are inactivated and contain only surface antigen. They have 
proven to be relatively poor antigens in terms of size and persistence of 
antibody response. They will be indicated for high risk individuals such as 
renal dialysis patients and personnel, hospital professional and laboratory 
personnel, and male homosexuals. 
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Varicella-Zoster 

Several experimental varicella-zoster vaccizes are under development and 
have been administered to humans (41). Preliminary results are favorable. 
Adult varicella pneumonia is a serious disease with a high mortality rate. 
The availability of an effective vaccine to administer to the suspected sus- 
ceptible parents of a child with chicken pox would be most welcome. 


Cytomegalovirus 
Cytomegalovirus infection is a major threat in immunosuppressed persons. 


Early reports on a live, attenuated cytomegalovirus vaccine are promising 
(42). 


CONCLUDING REMARKS 


The use of vaccines in adults is increasing with the development of new 
vaccines, the changing epidemiology of some common viral diseases, and 
the continuing lack of specific therapeutic agents. Nonpediatric medical 
personnel should become familiar with the use of these vaccines. 
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The majority of deaths due to coronary heart disease are sudden, unex- 
pected events that occur outside the hospital (1). This represents a formida- 
ble challenge since treatment aimed at the problem of sudden cardiac death 
must begin in the community and must be initiated rapidly. 

Most instances of sudden cardiac death are the result of ventricular 
fibrillation and are usually due to underlying coronary heart disease (2). 
However, only a minority of these episodes, some 20-40%, appear to be 
manifestations of acute myocardial infarction; the majority are primary 
dysrhythmic events (3, 4). Ventricular fibrillation per se can usually be 
reverted by the prompt application of a transthoracic dc shock (5, 6). The 
major obstacle to the successful management of cardiac arrest is the inher- 
ent delay in the initiation of resuscitation outside the hospital. Unless the 
circulation of oxygenated blood is reestablished within approximately four 
minutes, irreversible anoxic cerebral injury will ensue. 


CARDIOPULMONARY RESUSCITATION 


Methods to revive apparently dead persons have undergone centuries of 
trials and revisions. The development of mouth-to-mouth ventilation (7) 
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was an important milestone in modern resuscitation. However, it was not 
until 1961, when Jude, Kouwenhoven & Enickerbocker (8) reported the 
application of external chest compression, tkat effective circulatory support 
became a reality. Closed chest compression end positive pressure ventilation 
are now widely recognized as effective measures to provide circulation and 
ventilation to the patient with cardiac arrest (9). Proper application of these 
measures is referred to as cardiopulmonary -esuscitation (CPR) or basic life 
support: 


“Basic life support is an emergency first aid procedure that consists of recognizing 
respiratory and cardiac arrest and starting the prcper application of cardiopulmonary 
resuscitation to maintain life until a victim recoverssufficiently to be transported or until 
advanced life support is available. This includes tze A-B-C steps of cardiopulmonary 
resuscitation: a. airway, b. breathing, c. circulatioz” (9). 


OUT-OF-HOSPITAL ADVANCED LIFE-SUPPORT 


For the victim of a cardiac arrest due to ventricular fibrillation, CPR is a 
temporizing measure to deliver oxygen to the brain and other tissues until 
definitive therapy (advanced life-support) i available. Electrical defibrilla- 
tion is always necessary; in addition, effect.ve therapy usually includes the 
administration of intravenous drugs and provision of airway protection, 
preferably tracheal intubation. 

Advanced level, prehospital emergency care systems were developed ap- 
proximately 10 years ago in the United St=tes (10-13). Most of these sys- 
tems provide comprehensive emergency caze for all out-of-hospital medical 
and surgical emergencies. 


The Seattle System 


The Seattle Fire Department’s emergency care system (Medic I) represents 
a tiered response system that provides basic and advanced life-support. 
Appropriate units are dispatched according to medical considerations and 
the site of the incident. This emergency care system also incorporates 
important participation by the lay public in the early application of CPR 
(11). 

The initial response to most medical emergencies is from a nearby fire 
station, with either a fire engine or an ambulance type of vehicle, both 
manned by emergency medical technicians trained in basic first-aid and 
CPR. The average response time from dispatch until arrival on the scene 
is slightly less than three minutes. When there are life-threatening emergen- 
cies, e.g. an unconscious patient or one with symptoms of a heart attack, 
an advanced life-support unit is simultaneously dispatched. The system is 
schematically represented in Figure 1. 
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Figure 1 Schema for the Seattle Fire Department’s (S.F.D.) emergency care system. Initial 
response is provided by aid units (or by fire engine companies, not depicted here). In life- 
threatening situations a mobile intensive/coronary care unit (MI/CCU) is dispatched simulta- 
neously with an aid unit. CCU = coronary care unit; ER = hospital emergency room. 


The secondary (advanced life-support) units are staffed by paramedical 
personnel who have received approximately 1600 hours of training; they are 
skilled and knowledgeable in most facets of emergency care, including 
tracheal intubation, arrhythmia monitoring and detection, use of a defibril- 
lator, and the administration of common emergency drugs. Standing, writ- 
ten orders are utilized for the management of cardiac arrest .and 
hypovolemic shock. For all other conditions, therapy is carried out in 
conjunction with a physician through radio or telephone communication. 
The goal of this program is to deliver out-of-hospital emergency care com- 
parable to that which a well-trained physician would provide at the scene. 


EXPERIENCE TREATING PATIENTS WITH VENTRICULAR FIBRILLA- 
TION Each year approximately 300 patients in Seattle are treated for 
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ventricular fibrillation present on arrival of paramedical personnel. An 
additional 40 to 50 patients develop venaicular fibrillation and cardiac 
arrest while under surveillance of the paramedics. In the vast majority of 
cases of ventricular fibrillation, the reques for medical aid is because of 
sudden loss of consciousness—most often without premonitcry symptoms. 

At present, approximately 60% of patients with ventricular fibrillation 
(VF) are resuscitated with restoration of spcntaneous pulse and measurable 
blood pressure, and approximately 30% >f VF patients are discharged 
home following resuscitation (14). We hare found that survival in these 
patients is associated with rapid fire-depa-tment response times (15) and 
with participation of bystanders in initiatmmg CPR. 


Participation of bystanders in CPR Becaus2 someone other than the victim 
of cardiac arrest initiates the call for help, nearly all cases treated outside 
the hospital have the potential for early imtiation of CPR by bystanders. 
Nevertheless, in 1970-1971 bystanders initmted CPR in only about 5% of 
cases treated in Seattle (15). By 1976, this aumber had increased to 34%. 
In the suburban areas of King County adjacent to Seattle, 22% of resuscita- 
tion efforts were reported to be initiated Ex bystanders prior to arrival of 
emergency medical technicians (22). Muc— of this increase was certainly 
due to the fire department and other cor-munity training programs de- 
scribed below. 


Relationship of bystander-initiated CPR tes mortality Table 1 shows the 
improved survival reported for bystander-icitiated CPR in patients treated 
for cardiac arrest outside the hospital. It is noteworthy that survival in 
patients treated promptly for out-of-hospital cardiac arrest appears to be 
greater than that reported for patients treated for cardiac arrest in the 
hospital, where overall survival to hospita. discharge averages about 16% 
(16). This is probably because cardiac a-rest in ambulatory patients is 
usually a “primary” rhythm disturbance, wiereas cardiac arrest in hospital- 


Table 1 Relationship between bystander-initiated CPR and survival to hospital discharge 


Survival 
Average f With Without 
Community Cases response Type of ‘stander bystander 
(Ref.} (no.) times (min)? cardiac arrest CPR CPR Probability? 

Oslo (17) 631 not stated not stated 2775 (36%) 43/556 (B%) <.001 
Surburban 

Seattle 487 4.2 all cardiac 25908 (23%) 45/379 (12%) < 01 

(22) 
Seattle (14) 316 2.9 VF on arrival 47109 (43%) 43/207 (21%) <.001 


4 Average time after dispatch of the first responding emer=ncy vehicle until arrival on the scene. 
bProbability (by Chi square) of chance difference in surzval rates with and without bystander CPR. 
CYF on arrival = ventricular fibrillation present when parxmedical personnel arrived. 
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ized patients is often secondary to, or associated with, advanced symp- 
tomatic illness. 


Reduction of neurologic sequelae As might be expected, -more rapid appli- 
cation of CPR results in substantially fewer neurologic complications of 
anoxia. In the Seattle report (14), hospital deaths due to anoxic coma were 
fewer, and rapid neurologic recovery was usually observed when bystanders 
promptly initiated CPR. The proportion of resuscitated patients who re- 
gained consciousness in the first 24 hours following resuscitation was 
greatly increased (61% compared to 9%), and the incidence of prolonged 
coma and persistent disorientation were both significantly reduced in pa- 
tients who received bystander-initiated CPR compared to those who did not 
(14) (Figure 2). Lund & Skulberg (17) also noted less brain damage when 
CPR was initiated by lay persons prior to arrival of ambulance personnel. 
These findings are in accord with the report by Copley and colleagues (18), 
who described 12 patients hospitalized after resuscitation from cardiac 
arrest; these authors noted improved survival and less severe neurologic 
sequelae in patients who had received CPR from bystanders. In the Copley 
study, there was also less myocardial dysfunction as evidenced by lower 
pulmonary wedge pressures and higher cardiac outputs in patients who had 
received bystander-initiated CPR. 
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Figure2 Time until return of consciousness in 118 patients admitted consecutively to Har- 
borview Medical Center (HMC) after resuscitation from out-of-hospital ventricular fibrilla- 
tion. The proportion who regained consciousness was greater and the period of 
unconsciousness was shorter in cases where bystanders had initiated CPR. (Reproduced with 
permission of Annals of Internal Medicine.) 
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DEVELOPMENT OF A COMMUNITY 
CPR PROGRAM 


Seattle’s community CPR program (Mediz II) was launched in the Fall of 
1971 as a direct consequence of an informal discussion relating to response 
times and the participation of fire-combat >ersonnel in emergency medical 
care. Gordon F. Vickery, then Chief of the Seattle Fire Department, sug- 
gested offering CPR training to a large segment of the general public: If 
basic CPR skills were appropriate for all firefighters to know and if these 
skills could be learned relatively easily, way not make such training avail- 
able to the general public? 

The rationale for the community CPR taining program was straightfor- 
ward: In instances of cardiac arrest in which the emergency care system was 
involved, bystanders were virtually always on the scene prior to the arrival 
of fire-department personnel (someone othr than the patient had requested 
assistance). If such bystanders were able =nd willing to initiate CPR, the 
chances of surviving a cardiac arrest mig-t well be improved. The initial 
goal of the Medic II program was to train 100,000 persons, about one fifth 
of Seattle’s population. To facilitate public awareness of the new program, 
substantial support was mobilized through the news media and several 
service organizations. 


Course Description 


The Medic II CPR training program is offered without charge to groups 
and individuals requesting such training. The classes are held at a location 
and time convenient for the students and. are taught by specially trained 
Seattle firefighter/paramedics. Classes are usually given as a single three- 
hour session, typically in the evening, athough classes for high school 
students may be separated into three one-hour sessions. The material is first 
presented in a lecture-demonstration of apr-oximately 45 minutes, based on 
the recommendations of the National Academy of Sciences/American 
Heart Association made in 1966 and su=sequently revised in 1974 (9). 
Students are provided information about (=) cardiac arrest and the appro- 
priate diagnostic measures to be used in its recognition, (6) the principles 
and techniques in application of CPR, (c) the symptoms of a heart attack, 
(d) whom to call for assistance (the Seatti Fire Department) and how to 
call (dial 911). A CPR training film (“Pulse of Life”; later “New Pulse of 
Life”) is shown, followed by a short recapitulation with opportunities for 
questions and answers. All students are grven the opportunity for super- 
vised CPR practice on a life-like training manikin. In addition, there is an 
opportunity at the end of the session for discussion of other medical emer- 
gencies and a description of the interaction of the Fire Department’s Medic 
I program with hospitals and physicians in the community. The students 
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are expected to show proficiency in CPR, but a formal certification process 
is not attempted. Trainees receive a card indicating that they have attended 
a basic CPR training class approved by the American Heart Association of 
Washington. 


EVALUATION OF THE CPR TRAINING PROGRAM 


Evaluation has been carried out in several phases. First, we conducted a 
brief demographic assessment of the students and obtained an overall im- 
pression of their evaluation of the course. Second, testing was done immedi- 
ately after the course was completed to assess CPR knowledge and skills. 
Finally, repeat testing was done on samples of students at six months, one 
year, and two years after completion of the course to determine skills 
retention. 


The Students 
As of August, 1979, over 223,000 students had been trained in the Seattle 
Fire Department’s Medic IT CPR training program, approximately 150,000 
in the city and 73,000 in the suburban communities adjacent to Seattle. 
During 1976, 1700 randomly selected students completed a questionnaire 
at the time of the CPR class. On the basis of this questionnaire, the students 
were judged to be young (average 33 years), well educated (70% had some 
education beyond high school), and mostly white-collar workers. Ten per- 
cent of the students had taken the Medic II class previously, and 15% had 
received some other form of CPR training at an earlier date. Only one third 
of the responders resided in households in which there was a person over 
age 50. Almost all students felt the class presented useful information, and 
nearly 90% indicated their willingness to take a refresher course. 


Testing Immediately After Class 

Immediately after training, 151 randomly selected students from 17 classes 
were tested on a recording manikin. The students were graded on a total 
of 37 variables obtained from analysis of the manikin tape print-outs and 
the ratings made by a trained nurse-observer. The American Heart Associa- 
tion’s Basic Cardiac Life Support Standards (19) were revised slightly to 
define a basic level of competence or performance judged adequate to keep 
a victim alive until fire-department personnel arrived. Performance that met 
the American Heart Association’s standards was recorded as excellent; 
meeting the revised criteria was considered satisfactory; performance below 
this level was considered unsatisfactory. Overall, performance on most CPR 
skills was judged to be at least satisfactory in 70% or more of the students. 
Satisfactory depth of compression, compression rate, and ventilation rates 
were achieved in 73-99% of the tests immediately after the classes. How- 
ever, satisfactory performance of certain isolated skills, e.g. adequate venti- 
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lation volume and checking of the chest expansion during ventilation, was 
achieved less often. 


Retention Testing 


Forty-three of the subjects were tested immediately after class completion 
and again six months later. The six-month scores were uniformly lower than 
the initial scores. However, of 13 skills considered the most important for 
effective CPR, only three showed significart declines (P < .05): initial four 
ventilations, checking the carotid pulse, and proper hand position (20). In 
spite of this, performance still remained sa-isfactory for at least 50% of the 
students on most skills. 

After one year, 52 students were retested. Of these, 33 had also been 
tested at six months while 19 had only isitial and one-year testing. The 
subjects tested at one year had consistent better retention scores if they 
had been previously tested at six months. The ten-minute practice and 
feedback of the first retesting presumably ac-ed as a refresher that facilitated 
CPR performance one year later. The same trend was seen on two-year 
retention where students tested initially and only at two years showed a 
sharp decline in competency. 

We have demonstrated that most lay atizens can perform reasonably 
adequate CPR on a recording manikin _mmediately after training. As 
shown by our students, as well as by those described by Weaver and 
colleagues (21), knowledge and skills decine after training, indicating a 
need for development of simple mechanisms to reinforce CPR skills. 


SUMMARY, CONCLUSIONS, AND QUESTIONS 


It is our conclusion that the availability cf bystanders ready and able to 
initiate CPR represents an effective adjunct to a rapid-response, emergency 
medical care system. It is important to emphasize the adjunctive nature of 
citizen CPR participation; for the majority of patients who require CPR, 
basic life-support is a temporizing measure until definitive therapy in the 
form of defibrillation, airway protection, and medications can be instituted. 

Clearly the average person may have the opportunity to perform CPR 
perhaps only once or twice in his lifetime. Hence, it is impractical to expect 
the lay public to be as expert in CPR as health care professionals who use 
these techniques regularly. However, we elieve that citizens should be 
taught with the expectation of their being able to perform CPR in a reason- 
ably proficient manner. 


Questions 
Several questions commonly arise when considering the provision of CPR 
instruction to the general public. 
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DOES THE QUALITY OF LAY CPR PERFORMANCE AFFECT THE PA- 
TIENT’S OUTCOME? In interviewing bystanders, we have been unable to 
detect an obvious improvement in patient outcome related to the extent of 
the rescuer’s formal training or the apparent quality of CPR as described. 
The person with some training in CPR also has an awareness of the problem 
of cardiac arrest, should know whom and when to call for help, and is likely 
to be aware of the importance of avoiding delays. Under the conditions of 
a rapid-response system where the time from dispatch until arrival on the 
scene approximates two to four minutes, the quality of bystander-initiated 
CPR is probably less important than the fact that he or she is initiating CPR 
and that skilled help is on the way. It is quite possible that even suboptimal 
attempts at CPR during the minutes before arrival of the paramedics might 
forestall the onset of anoxic cerebral injury. However, if the bystander were 
required to carry out CPR for more than a few minutes, it is likely that the 
quality of the resuscitation effort would affect survival considerably more. 


WHO SHOULD BE TRAINED? It is our feeling that virtually everyone 
should be taught when and how to perform cardiopulmonary resuscitation. 
CPR training is being introduced into school curricula, and it is likely that 
this practice will be enhanced. In the meanwhile, it would seem prudent for 
the families of persons with known coronary heart disease to have this 
training. Most cardiac arrests occur in the home where the only available 
rescuer is often the patient’s spouse. Physicians’ offices and hospital coro- 
nary care units would appear to be excellent sites to initiate referral for CPR 
instruction of spouses and other family members. 


ARE THERE MEDICAL OR LEGAL RISKS? A major concern is that CPR 
might be applied to a person who does not have circulatory arrest and that 
unnecessary damage could ensue. This is a possible but probably an unlikely 
happening. The person who faints will deter his would-be-rescuer as soon 
as consciousness returns. For the patient who has had a cardiac arrest, it 
is difficult to envision a more damaging situation than not making any 
attempt to carry out CPR. Most states have so-called Good Samaritan laws 
to provide immunity from civil liability for rescuers acting in good faith. 
In addition, an extensive search of medical, legal, and lay literature, per- 
sonal inquiries, and solicitation of nationwide interest groups failed to 
provide a single case in which liability was found for a layman’s perfor- 
mance of CPR (23). 


ARE THERE NEEDS FOR REFRESHER TRAINING? There is an appre- 
ciable decline in CPR skills and knowledge over the course of time. As 
mentioned above, it appears impractical to expect expert or near-expert 
CPR performance from the general public. However, we think it reasonable 
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to develop and test the use of simple, short refresher devices such as illus- 
trated printed materials, televised instruction, or manikin practice with 
feedback capability, or perhaps combinations of these. 
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Analysis of the natural history and responsiveness to therapy of lupus 
nephritis has been made possible by the study of percutaneous renal biop- 
sies. Subsets of patients with lupus nephritis can be defined on the basis of 
histologic classification. For determining options in treatment and for pro- 
viding a guide to prognosis, each patient with two normal- or large-sized 
kidneys who has active nephritis (proteinuria, microscopic hematuria, azo- 
temia) should have a renal biopsy. Biopsy specimens are then studied by 
light, fluorescence, and electron microscopy. 


HISTOLOGIC CLASSIFICATION 


Two major systems of classification of lupus nephritis are currently in 
widespread use. One is based upon the histologic appearance of the 
glomerulus as seen on light microscopy (LM) and is a modification of the 
classification outlined by Baldwin et al in 1970 (1). The second, proposed 
by the World Health Organization (WHO), considers both the light micro- 
scopic appearance and the localization of immune complexes as seen by 
electron microscopy (EM) and immunofluorescence (IF) localization of 
labeled heterologous antihuman antisera (2). 

Renal biopsy in a patient with systemic lupus erythematosus may reveal 
glomeruli that are entirely normal by light microscopy. If there is no 
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evidence of immune complex deposition b» IF or EM, the kidney is termed 
normal (WHO Class I). More commonly, kowever, in glomeruli that appear 
normal by LM, immune complexes confimed to the mesangium are found 
by IF (Figure 2a) or EM (Figure 3a), and zre classified as WHO Class IIA. 
Mesangial immune complex deposition may also be accompanied by a 
histologic appearance of increased mesang al matrix and/or areas of mesan- 
gial hypercellularity, noted in some or al glomeruli (Class IIB) (Figure 
la.) These two degrees of minimal patho_5gy are termed mesangial lupus 
nephritis. 

Baldwin et al’s classification of focal pro—ferative lupus nephritis (FPLN) 
corresponds to WHO Class III. In addition to the mesangial changes al- 
ready discussed, FPLN is characterized br capillary endothelial cell prolif- 
eration, necrosis, and infiltration with polymorphonuclear leukocytes. 
Characteristic of Class ITI is a limitation of the pathologic changes to some 
lobules (segments) of the glomerulus, while other lobules remain normal on 
LM (Figure 15). Also typical of Class II is some affected glomeruli and 
others entirely normal. By WHO definitica in Class ITI, less than 50% of 
glomeruli are involved. IF and EM examization show abundant mesangial 
and often subendothelial (Figure 34) imm_ne deposits, which may involve 
all or a portion of glomeruli. 

WHO Class IV, equivalent to Baldwin =t al’s diffuse proliferative lupus 
nephritis (DPLN), is characterized by the same qualitative changes on LM 
as seen in focal nephritis, except that each zlomerulus is entirely involved, 
and the changes are seen throughout all Dr nearly all glomeruli (Figure 
1c). Immune deposits are generally intense. and present in a subendothelial 
as well as mesangial location (Figure 26 amd 36). A membranoproliferative 
variant of diffuse nephritis also included ic. Class IV occurs, in which the 
predominant histologic change is thickezing of the capillary basement 
membrane, with some proliferative and/ox necrotizing changes. 

Membranous lupus nephritis, WHO Class V, is characterized by diffusely 
thickened glomerular capillary walls, witrout endothelial hypercellularity 
or necrosis (Figure 1d). Immune deposit= are present in a subepithelial 
location along the glomerular capillary basement membrane on EM (Figure 
3c) and are distributed throughout the glomerulus on IF (Figure 2c). 

Pathologic changes in the kidney in systenic lupus erythematosus (SLE) 
are not limited to the glomerulus. Tubular fatty change and/or atrophy is 
often observed adjacent to glomeruli with proliferative pathology. Infiltra- 
tion with mononuclear cells may occur throughout the interstitium, either 
in scattered focal areas or diffusely (3). Eathologic changes may also be 
present in small arteries and afferent artermles, with inflammatory infiltra- 
tion, intimal thickening, and/or fibrinoid necrosis, as is more commonly 
observed in the kidney in periarteritis nocosa (4). 
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Figure la Light microscopic appearance of WHO Class IIB (mesangial) lupus nephritis 
showing slight mesangial hypercellularity but otherwise normal glomerular capillary loops. 





Figure Ib Light microscopic appearance of Class HI (focal proliferative) lupus nephritis 
showing segmental proliferation and basement membrane thickening with other lobules of the 
glomerulus remaining normal. 
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Figure Ic Light microscopic appearance of Class FV (diffuse proliferative) lupus nephritis 
showing basement membrane thickening and endo:2elial cell proliferation throughout the 
entire glomerulus. 





Figure ld Light microscopic appearance of Class ¥ (membrancus) lupus nephritis showing 
diffuse basement membrane thickening without cellxar proliferation or necrosis. 
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Figure 2a Immunofluorescent staining illustrating deposition of IgG localized to the mesan- 
gium in Class II lupus nephritis. 





Figure 2b Immunofluorescent staining of immune deposits containing IgG distributed . 
throughout the glomerulus, present here in diffuse proliferative (Class IV) lupus nephritis, but 
also seen less densely in focal proliferative (Class III) nephritis. 
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Figure 2c Immunofluorescent staining for C3 showeng immune complex deposition within 
glomeruluar capillary loops in membranous (Class x) lupus nephritis. 


CLINICAL CORRELATIONS AND RESPONSE 
TO THERAPY 


Occasionally Class IV or V glomeruli max be discovered in patients with 
minimal expression of renal disease (5-7). But generally the degree of 
morphologic change in the kidney correlaces with the severity of the pa- 
tient’s clinical illness. Mesangial nephritis is typically associated with ab- 
sence of clinical abnormalities, as measurec by creatinine clearance, urinary 
sediment, and serologic studies. Indeed, Baklwin et al suggested that proba- 
bly all patients with SLE have some degre= of mesangial immune complex 
deposition (4). In those with renal patholozy (Class IIB) abnormalities are 
usually limited to proteinuria, usually under 1 g/24 hr, and 5-15 red and/or 
white blood cells per high power field in tae spun urine sediment. Serum 
complement, measured as C3 or CH, may be decreased, and anti-DNA 
antibodies may be present. Endogenous crzatinine clearance, an excellent 
measure of glomerular filtration rate, is almost always normal. 

Clinical renal disease is generally presert, though mild, in patients with 
FPLN (Class III). Erythrocytes and red call casts in the urine sediment, 
proteinuria in the range of 0.5-2.0 2/24 hr hypocomplementemia, and the 
presence of antibodies to native DNA ar= common. The nephrotic syn- 
drome (urinary protein exceeding 3.5 g/24 hr) and hypertension are rare 
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Figure 3a Dense deposits localized to the mesangium (Mes) seen by electron microscopy in 
Class JI lupus nephritis. 


findings usually signifying transformation to Class IV (see below). Creati- 
nine clearance may be mildly diminished to 60-80 ml/min during periods 
of active disease. Small to moderate doses of corticosteroids (prednisone up 
to 0.5 mg/kg/day) generally reverse each of these clinical renal abnormali- 
ties. Often the dose of steroids employed has been that necessary to treat 
the accompanying extrarenal manifestations rather than the nephritis itself. 
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Some patients with Class III disease may have persistent proteinuria or 
hypocomplementemia despite therapy wh escalating doses of steroids. 
Clinical abnormalities seen in patients with DPLN are qualitatively simi- 
lar to those with Class III, but are mor= profound. Presentation with or 
development of the nephrotic syndrome is >ommon; proteinuria may exceed 
10 g/24 hr. The urine sediment contains 7ed and white blood cell casts as 
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Figure 3b Dense deposits (En) present in a suberxothelial location within the glomerular 
capillary basement membrane on electron microsccry. Subendothelial deposits are found in 
Class III and Class IV lupus nephritis. 
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well as many free red cells. More than half of Class IV patients have reduced 
creatinine clearance. Almost all studies of the natural history of the Class 
IV lesion are complicated by the introduction of steroid or other therapy. 
As emphasized by Baldwin et al, the untreated lesion will very likely 
progress to complete renal failure in less than two years after months of 
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Figure3c Electron dense deposits (Ep) present in a subepithelial location within the glomeru- 


lar capillary basement membrane (BM) as seen by electron microscopy. CL represents the 
capillary lumen. 
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nephrotic syndrome, hematuria, and hypocomplementemia. Response to 
therapy in DPLN is variable and unpredictable, making the assessment of 
therapy difficult. Clinical abnormalities in Class IV may be reversed during 
the course of treatment, which results in long-term sustained remission. 
Some Class IV patients may have repeated exacerbations of active disease, 
each time responding to therapy, and ultimately maintaining normal renal 
function, although proteinuria and/or serologic abnormalities may persist. 
Others may progress despite intensive therapy to renal insufficiency requir- 
ing maintenance hemodialysis or renal transplantation. 

Considerable attention has been focusec upon the significance of persist- 
ing serologic abnormalities in patients with SLE, especially those with 
normal renal function. Lightfoot & Hughzs (8), studying 16 patients with 
lupus nephritis, found that clinical remission lasted longer when serologic 
abnormalities were returned to normal by therapy, and that a more severe 
exacerbation of nephritis was likely to occur if anti-DNA titers persisted at 
a high level. Hypocomplementemia alone resolved spontaneously without 
a recognizable disease flare in nearly half ihe observed instances. Appel et 
al (9) prospectively studied the effect of normalizing the CHsg in 25 patients 
with lupus nephritis. Among those whose CHs) was maintained in the 
normal range for two years, urinary prctein excretion decreased or re- 
mained low, and repeat renal biopsies shoved improvement or stabilization 
of glomerular pathology. In patients whose CHs9 remained abnormal de- 
spite tolerated doses of therapy, urinary protein excretion failed to decrease 
or worsened, and repeat renal biopsies in = of 6 patients showed worsening 
of the glomerular lesion. On the other hard, Gladman et al (10) report 14 
patients with persistently low serum complement levels and high titers of 
anti-DNA antibodies, all of whom have remained asymptomatic without 
treatment for a mean period of more than 4 years. Clearly, the course of 
an individual patient with a Class IV lesion cannot be predicted with 
certainty. 

Membranous lupus nephritis (Class V) appears to behave differently from 
the proliferative forms of disease. When assigning this classification to a 
given renal biopsy, Donadio et al (11) stress the necessity of excluding those 
lesions with proliferative features, even if the predominant change is base- 
ment membrane thickening. Likewise, it :s essential to this classification 
that immune complexes be limited to a subepithelial or intramembranous 
location, and not to the subendothelium on EM. The nephrotic syndrome 
is the most prominent clinical feature in patients with Class V, present 
either initially or developing later in the course. Donadio et al found that 
progression to end-stage renal failure did not occur among 28 SLE patients 
over a period of up to 10 years, even in those patients whose nephrotic 
syndrome persisted, although one developed azotemia (creatinine 4.6 
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mg/dl). Baldwin et al (4), by contrast, observed a somewhat different course 
among 24 patients with a membranous lesion. When characterized by per- 
sistent nephrotic syndrome, a slow progression to renal failure ensued (6 of 
17 patients) over a period of up to 6 years. This outcome was prevented in 
one third of patients in whom remission of the nephrotic syndrome could 
be achieved. 

Eventual progression to renal failure in proliferative or membranous 
lupus nephritis is often characterized by deterioration attributable to the 
accumulation of salt, water, and nitrogenous wastes. Clinical problems in 
the lupus patient in renal failure are frequently related to severe hyperten- 
sion, congestive heart failure, and fluid overload, as is true for uremia of 
other cause. Extrarenal manifestations of active SLE often disappear, and 
serologic abnormalities return toward normal, with an improvement in 
CHs9 and C3 levels and decrease in the titer of antinuclear antibodies (12). 
The response to traditional therapy for lupus nephritis is generally ineffec- 
tive and increases risk of iatrogenic infection. Uremia, while often im- 
munosuppressive, may not always be totally effective in suppressing 
exacerbations of active lupus. We have observed three patients receiving 
maintenance hemodialysis for 1-4 years who continued to manifest exacer- 
bations of severe extrarenal lupus including fever, arthritis, pericarditis, and 
gastrointestinal vasculitis, with increases in antinuclear antibody and anti- 
DNA titers, requiring moderate to large doses of steroid. 


HISTOLOGIC TRANSFORMATIONS 


When Baldwin et al originally proposed that lupus nephritis could be 
subdivided according to glomerular histologic findings, it was presumed 
that focal proliferative, diffuse proliferative, and membranous forms were 
separate and distinct entities that remain unchanged except for alterations 
in severity. The belief that the initial renal biopsy thereby predicted ultimate 
prognosis carried important therapeutic implications. In 1974, however, 
Ginzler et al (13) demonstrated that 9 of 31 patients with an initial renal 
biopsy showing mesangial or focal glomerulonephritis progressed to diffuse 
proliferative nephritis over a period of 1-12 years. Coincident with a trans- 
formation in histologic type, a deterioration in clinical renal status, repre- 
sented by the appearance of new hypocomplementemia, azotemia, or 
significantly increased proteinuria was observed (13). Shortly thereafter, 
Zimmerman et al (14) reported a similar progression among 6 of 17 patients 
with an initial mesangial or focal glomerular lesion. 

Prediction of the likelihood of progression at the time of initial biopsy is 
difficult. Ginzler and co-workers found no difference in clinical features at 
presentation or in the initial pattern or location of IF or EM deposits within 
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the glomerulus to differentiate between the groups with and without 
progression. Zimmerman reported great=r initial proteinuria and more 
dense subendothelial immune deposits an-ong the patients who ultimately 
progressed to a more severe histologic lesion. Others have subsequently 
reported progression from mesangial or fècal to diffuse nephritis in about 
10-45% of patients with an initial mild lesion (4, 15, 16}. In all cases, 
patients demonstr ating progression to diffuse disease have followed a subse- 
quent course compatible with the more s=vere lesion. 

Transitions between the various proliferative lesions and membranous 
lupus nephritis have also been observed. In 1972 Hayslett et al (17) reported 
7 patients with an initial “severe” proliferative glomerulonephritis who 
underwent marked decrease in intensity of the inflammatory reaction on 
LM and alteration in the histologic lesion. with diffuse thickening of the 
capillary wall corresponding to epithelial and intramembranous deposits 
resembling membranous glomerulonephrit-s. These changes appeared to be 
in response to aggressive therapy with ccrticosteroids and azathioprine. 
Others have documented transformation from a focal or diffuse proliferative 
lesion to a membranous one (4, 15, 16). 

Of perhaps greater significance is the observation that patients with true 
membranous (Class V) disease may und=rgo transformation to DPLN 
(Class IV). This change is generally heraided clinically by an abrupt in- 
crease in the degree of proteinuria and the appearance of azotemia (4, 15). 

Finally, it is reassuring to note that furcter deterioration may not take 
place in all patients with DPLN; stabilizat:on for years and even reversion 
to a mesangial lupus nephritis may occur. Baldwin et al (4) observed five 
such Class IV patients in sustained clinical emission who had repeat renal 
biopsies showing mesangial proliferation, with the development of some 
glomerulosclerosis. We are following a 34-,ear-old woman originally with 
severe but nonazotemic Class IV nephritis and intense subendothelial EM 
immune deposits who has been in clinical remission for five years, including 
reversion to a negative antinuclear antibod= test, after treatment with aza- 
thioprine and prednisone. A second renal biopsy demonstrated complete 
hyalinization of about 15% of her glome-uli; however, the rest showed 
neither proliferative changes nor capillary basement membrane thickening. 
There was marked diminution in the quan-ty of EM deposits, with those 
present mostly in the mesangium and only a rare subendothelial deposit. 


RESULTS OF THERAPEUTIC TRIALS 


Following the introduction of adrenocorticosteroid therapy of SLE in the 
early 1950s, the literature suggests a consistent trend of improved survival 
corresponding to the use of escalating ster=id doses (18-20). In some in- 
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stances steroid therapy dramatically interdicted a rapidly downhill course. 
The use of corticosteroids by Pollack et al (21) in a regimen now considered 
to be low dose, generally 15-20 mg/day, did not alter survival in patients 
with lupus glomerulonephritis. When given in an uncontrolled trial of 
60-100 mg/day for 6 months, however, greater survival and reduction in 
azotemia and improvement in renal histology was observed (21). In the 
most optimistic view of the efficacy of steroids, Lange et al (22) reported 
100% survival during a mean of 21 months in 15 patients with lupus 
nephritis treated with sufficient prednisone (maximum 180 mg/day) to 
maintain a normal serum complement level. 

There are many reports of the use of immunosuppressive and cytotoxic 
agents in the treatment of lupus nephritis, in the form of anecdotal cases, 
uncontrolled series, retrospective comparisons of two or more therapeutic 
regimens, and prospective controlled randomized trials. As employed in the 
suppression of human allograft rejection, azathioprine was the first such 
widely tried drug regimen. Though still prescribed, it has been incompletely 
evaluated, engendering debate regarding its therapeutic efficacy and tox- 
icity. Early uncontrolled studies suggested that azathioprine in a dose of 1-3 
mg/kg/day clinically improved azotemia and proteinuria in 50-100% of 
patients with severe lupus nephritis previously unresponsive to high doses 
of steroids (17, 23, 24). Sztejnbok et al (25) in 1971 reported a prospective 
randomized trial in which 16 patients receiving azathioprine (2.5 mg/kg) 
for 1-4 years had lessened mortality and morbidity, required less steroid, 
and maintained better renal function when compared to 19 patients treated 
with prednisone alone. This experience was confirmed and extended in a 
larger retrospective analysis at the same institution (26). Among 54 patients 
with Class IV or V nephritis and/or central nervous system lupus treated 
with azathioprine and followed for an average of 2.7 years, 15 (28%) died, 
whereas 10 of 14 (71%) similar patients who had never received azathio- 
prine died during a mean follow-up of 1.3 years. Azathioprine therapy did 
not decrease mortality during the first six months after presentation with 
an acute exacerbation of severe disease, however. Seven of 23 (30%) azathi- 
oprine-treated patients died during this period, compared to 5 of 12 (441%) 
who did not receive this drug. Maintenance therapy with azathioprine in 
patients with normal kidneys or mild renal disease was associated with rare 
(1 of 20 patients) progression to Class IV or V nephritis. Patients who did 
not receive azathioprine or had discontinued it had a much higher incidence 
of progression (11 of 34). Recently, Barnett et al (27) observed that mainte- 
nance azathioprine treatment (1-4 mg/kg) in 47 patients with diffuse prolif- 
erative or membranous nephritis was associated with survival of 82% at 5 
years and 74% at 10 years. That 3 of 4 patients with severe lupus nephritis 
may live a decade represents a substantial improvement over the 80% 
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5-year mortality observed by Baldwin et l in 1970 in patients treated with 
steroids alone (1). 

Other investigators have expressed reservation about the therapeutic 
efficacy of azathioprine in lupus nephritis. Maher & Schreiner (28) failed 
to detect benefit of azathioprine in patsents previously unresponsive to 
steroids, including those who were uremic when treatment was begun. The 
lack of value of maintenance azathioprine in addition to steroids was re- 
ported in a 2-year controlled trial by Haan and coworkers (29), and in a 
similar 3-year study by Donadio et al 30). All of Donadio et al’s 16 
patients survived; in Hahn et al’s series survival was similar among the 11 
patients who received azathioprine and tae 13 who did not. 

Reluctance to prescribe azathioprine ss based not only on its lack of 
proven efficacy but also on the many adverse reactions attributed to it, for 
example increased susceptibility to bacterial, viral, and fungal infections 
and an increased risk of malignancies, especially lymphomas, with long- 
term use (31-35). Most of the data on azathioprine-induced toxicity come 
from extensive experience in human renal transplant recipients (36-40). In 
contrast, Ginzler et al (41) failed to find am increased incidence of bacterial 
or fungal infection in a large series of azatkzoprine-treated patients followed 
prospectively for 345 patient-years. An ezrly report of the appearance of 
cerebral lymphoma in a patient receiving axathioprine for SLE has not been 
corroborated (42). 

The nitrogen mustard derivative cyclophosphamide has also been tested 
in several controlled trials in patients with lupus nephritis. A 10-week 
double-blind study at the NIH compared cyclophosphamide (average dose 
1.17 mg/kg/day) to placebo in two groups of seven and six patients given 
up to 30 mg prednisone/per day (43). There was greater improvement in 
the cyclophosphamide-treated group as judged by anti-DNA antibody lev- 
els, serum complement, urine sediment, dezree of proteinuria, and extrare- 
nal manifestations of active lupus, but no difference in creatinine clearance 
was observed. Follow-up of the same patients for 28 months showed a 
gradual deterioration in renal function ia both groups. One of the two 
deaths among cyclophosphamide-treated patients was due to opportunistic 
infection and the other to pulmonary embolism; 3 patients treated with 
prednisone had early nonrenal deaths anc 2 eventually required mainte- 
nance hemodialysis for end-stage renal fa_lure (44). | 

Donadio and co-workers (45) prospectively randomized 39 patients with 
DPLN to receive prednisone (average dcse 40 mg/day), or prednisone 
(average 29 mg/day) and cyclophospham_de (average dose 107 mg/day), 
for 6 months. At the study’s end there was no significant difference between 
the two groups with regard to the degre= of improvement in creatinine 
clearance, proteinuria, or anti-DNA antizody titers, although the CHsọ 
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levels were higher in the patients who had received cyclophosphamide. 
During a subsequent average follow-up of 24 months in the original patients 
and an additional 11 patients similarly randomized, however, the incidence 
of exacerbation in the cyclophosphamide group was lower (3 of 21) than 
in the control group (10 of 21) among patients who had achieved an initial 
disease remission (46). ` 

Cyclophosphamide therapy can cause serious adverse reactions, espe- 
cially when administered continuously for several months or longer. Tox- 
icity in patients treated with this drug for nonmalignant disease includes 
alopecia, amenorrhea secondary to ovarian failure, lymphoproliferative dis- 
orders, and hemorrhagic cystitis with subsequent bladder fibrosis and car- 
cinoma (47-50). Based on experiments in NZB/NZW mice in which “low” 
doses of azathioprine, cyclophosphamide, and prednisone (1 mg/kg each) 
acted synergistically to retard the development of naturally occurring ne- 
phritis (51, 52), a similar regimen was developed for human lupus nephritis, 
This attempt to minimize toxicity of azathioprine and cyclophosphamide 
by using them in combination, both in low dose (1.25 mg/kg), was disap- 
pointing. Ginzler et al (53) found no benefit of this regimen in addition to 
prednsione when compared to “full-dose” azathioprine (2.5 mg/kg) plus 
prednisone in a one-year double-blind trial in 14 patients with severe lupus 
nephritis. Furthermore, hemorrhagic cystitis and amenorrhea attributable 
to cyclophosphamide were not avoided with the lower dose of this drug. 

From the trials of immunosuppressive drugs reported to date, no substan- 
tiated regimen can be proposed as either safe from side effects or of proven 
efficacy in arresting or reversing active lupus nephritis. Because of anecdotal 
accounts of dramatic reversals of lupus nephritis and NZB/NZW disease 
with cytotoxic or other drug regimens, and the sometimes desperate clinical 
circumstance of abrupt loss of renal function in young adults, the appeal 
of new drug programs continues. Currently both controlled and uncon- 
trolled drug trials including new immunosuppressive drugs, modified treat- 
ment protocols for azathioprine in combination with agents such as heparin, 
heparin in combination with nonsteroidal antiinflammatory agents, and 
alternative measures for reducing immune responsiveness with or without 
drug therapy are under evaluation. 

Kincaid-Smith (54) suggested that a mechanism for the obliteration of 
glomerular capillaries in a number of glomerulonephropathies, including 
lupus nephritis, involves subendothelial deposition of material containing 
not only immunoglobulins and complement but also fibrin, which can be 
demonstrated by immunofluorescent staining techniques. This has provided 
the theoretical basis for treating acute lupus nephritis with anticoagulants. 
Suc et al (55) reported a regimen of anticoagulation with heparin for 15—60 
days, followed by indomethacin (100 mg/day) for its antiinflammatory and 
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antiplatelet effects. Six patients with lupus nephritis received this regimen; 
three had total resolution of the nephrotic syndrome, and three had a partial 
remission, with proteinuria reduced to 1 nag/min or lower. Cade et al (56) 
also reported a regimen in which 13 patiemts with lupus nephritis received 
sufficient heparin subcutaneously to prolcng the clotting time beyond 30 
minutes, in combination with azathioprine (1-2 mg/kg). Twelve patients 
had a significant improvement in creatinime clearance after six months of 
therapy; however, one patient subsequentl= had an exacerbation of disease. 
Two renal deaths occurred in this group, and one patient had a severe 
retroperitoneal hemorrhage requiring heparin discontinuation. 

Preliminary reports regarding the “immunoregulatory” agent Frenti- 
zole®, 1-(6-methoxy-2-benzothiazolyl)-3-phenyl urea, are equivocal. Al- 
though extrarenal manifestations of lupus such as rash, synovitis, mucosal 
ulcers, and pleurisy improved in four of six patients treated with the drug 
(57), neither creatinine clearance nor urinacy protein excretion were altered 
favorably. In our experience with this ageat in nine adults with SLE, low 
and probably suboptimal doses (1-3 mg/ks/day) caused considerable gas- 
trointestinal toxicity, including epigastric pain, nausea, and reversible in- 
creases in alkaline phosphatase, often necessitating discontinuation of the 
drug before any clinical benefit was obser<ed. 

The complexities of the immune response include participation of both 
helper and suppressor thymus-derived lymphocytes. Stimulation of a sup- 
pressor lymphocyte might mute immunolcgically induced disease in SLE. 
Levamisole is classed as a stimulator of the immune response. Gordon & 
Yanigihara (58) treated 16 patients with levamisole and observed significant 
improvement in extrarenal disease manifestations. However the incidence 
of active nephritis was too small to assess tie efficacy of the drug. Adverse 
reactions to levamisole were minimal, warranting a controlled prospective 
trial in lupus nephritis. 

Intravenous “pulse” therapy with larg= doses of methylprednisolone 
(250-1000 mg/day for 3-12 days) has received considerable attention re- 
cently. Cathcart et al (59) inferred a rationa 2 for pulse steroid therapy from 
the observation that histologic changes, including interstitial inflammation 
and edema, in the kidney of a lupus patient undergoing rapid renal deterio- 
ration resembled those in acute renal transplant rejection, an immune pro- 
cess purportedly reversed with large doses of intravenous steroids (59). Of 
seven patients with lupus nephritis and rapidly deteriorating renal function 
who were treated with a pulse steroid regimen, all had reversal of hypocom- 
plementemia and decrease in anti-DNA titers; five had return to baseline 
serum creatinine levels within one month. Gral steroid therapy was contin- 
ued at a level necessary to control extra-renal disease manifestations, in 
order to avoid the toxicity of continued high dose steroids. Dosa et al (60) 
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similarly treated four patients, three with oliguric renal failure, and were 
enthusiastic about the results. Nevertheless, proteinuria was not signifi- 
cantly affected, creatinine clearance did not increase above 50 ml/min in 
those patients with previously impaired renal function, and subsequent 
exacerbations of active nephritis occurred in all four patients, necessitating 
repeat steroid pulses. The largest series of patients treated with intravenous 
pulse methylprednisolone was reported by Kimberly et al in 1979 (61). Of 
28 patients, 25 with active renal disease, 17 had had recent deterioration in 
renal function. Four patients had a rapid, sustained improvement in renal 
manifestations, four developed end-stage renal failure requiring mainte- 
nance hemodialysis, and one died after eight weeks with continuing fulmi- 
nant disease. 

Our experience with pulse methylprednisolone in ten patients with pro- 
gressive lupus nephritis has been similarly equivocal; no patient has had 
clear and sustained reversal of azotemic nephritis. Untoward effects of large 
doses of steroids include development of pulmonary edema presumably 
secondary to salt and water retention, and severe obtundation requiring 
emergency peritoneal dialysis in a patient whose blood urea nitrogen rose 
from about 60 to over 300 mg/di within 24 hours after the pulse. As is true 
for the reversal of renal allograft rejection, the worth of bolus doses of 
intravenous methylprednisolone in lupus nephritis is by no means estab- 
lished. 

Plasmapheresis, which in uncontrolled trials may tmprove or induce 
remission in patients with the glomerulonephritis of Goodpasture’s syn- 
drome (62, 63), has been advocated in the treatment of lupus nephritis. 
Modern plasmapheresis devices use a cell separator to remove serum rap- 
idly, thus presumably extracting antigen-antibody complexes that may be 
responsible for inflammatory changes and subsequent organ damage. A 
major advantage of plasmapheresis may be the avoidance of toxic effects of 
immunosuppressive and antiinflammatory drugs, which may then be ad- 
ministered in lower doses. Verrier Jones and co-workers (64) used plasma- 
pheresis in eight patients with SLE, four of whom had evidence of 
circulating immune complexes. A decrease in the level of immune com- 
plexes correlated partially with an increase in CHsp levels and improvement 
in clinical symptoms. The four patients with little evidence of circulating 
immune complexes failed to show convincing clinical improvement with 
plasmapheresis. 

Other investigators are presently studying the efficacy of plasmapheresis, 
at least one in the form of a prospective controlled trial (W. Clark, personal 
communication), with promising early results. No long-term data are avail- 
able to permit evaluation of sustained benefit. It must also be noted that the 
direct cost of plasmapheresis may approach $1000 per course, far exceeding 
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that of any form of drug therapy. For the present, plasmapheresis must be 
regarded as a theoretically appealing, expensive, and unproven treatment 
for lupus nephritis. 


THE NZB/NZW MOUSE AS A MODEL 
OF HUMAN LUPUS 


The New Zealand Black (NZB) mouse, z strain developed for cancer re- 
search, was observed to develop spontane=usly a group of “autoimmune” 
phenomena, including renal disease and autoimmune hemolytic anemia 
(65). Hybrids of the NZB mouse, and the New Zealand White (NZW) 
mouse result in an FI generation with = modified syndrome in which 
hemolytic anemia is less apparant, but renad disease is universal. The disease 
is more severe in the female NZB/NZW mouse, with the majority dying 
with uremia between six and twelve monz-as of age. Virtually all develop 
antinuclear antibodies, hematuria, and the nephrotic syndrome (66). 

Light and electron microscopic examination of the NZB/NZW kidney 
reveals a progressive lesion beginning with subepithelial nodularity of the 
glomerular basement membrane and small dense deposits in the mesan- 
gium. By 24 weeks, there is fusion of exithelial foot processes around 
subepithelial nodules, progression of the deposits in the mesangium, suben- 
dothelial dense deposits, and further proli=ration of capillary endothelial 
cells. The characteristic wire-loop lesion cf human glomerulonephritis is 
rare in the mouse model (67). 

The predictable development of immunc.ogic and histologic abnormali- 
ties over a specific time course in the NZB-NZW mouse makes it a useful 
model for studying potentially beneficial therapeutic agents in human lupus 
nephritis. During the 1960s a number of investigators demonstrated that 
adrenocorticotropic hormone, corticosteroids including cortisone and 
betamethasone, and immunosuppressive agents including azathioprine and 
cyclophosphamide suppressed the renal Iesion of NZB/NZW mice and 
prolonged survival (68). Subsequently, as previously mentioned, combina- 
tions of these agents were found to act synergistically in retarding develop- 
ment of the glomerulonephritis, while lower doses minimized the toxicity 
of each agent (51, 52). 

A drawback to the NZB/NZW lesion as 2 model of human lupus nephri- 
tis is that patients with established lupus r2phritis do not respond to im- 
munosuppressive agents as predictably or a well as do mice. This must be 
remembered when evaluating other immun=suppressive agents screened in 
the murine model. 

Newer immunoregulatory agents so far untested in controlled trials in 
humans with SLE have been used in murine disease. Thymosin, a fraction 
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of thymus that improves some T-helper cell functions and restores normal 
thymocyte proliferative and suppressive function, failed to delay the appear- 
ance or severity of NZB/NZW nephritis (69). Levamisole delayed the 
development of antinuclear antibodies and proteinuria and extended sur- 
vival (70), and when given after a course of cyclophosphamide delayed 
reappearance of antibodies to DNA and decreased glomerular immuno- 
globulin deposition (71). 

Ribavirin, a broad spectrum antiviral agent, equaled cyclophosphamide 
in reducing anti-DNA antibodies, preventing proteinuria, and prolonging 
survival in NZB/NZW mice, when given in optimal dose (72). The effect 
of ribavirin is in keeping with the assumption that an environmental factor, 
presumably a virus, in combination with genetic susceptibility, is responsi- 
ble for the development of the lupus-like syndrome in the NZB/NZW 
mouse. Viral antigen (Gross soluble antigen, GSA) occurs in NZB mice as 
they develop hemolytic anemia, then disappears when antibodies to GSA 
develop and renal disease appears (73). However, no such proof of viral 
replication in human lupus has been demonstrated. Microtubular structures 
resembling viral particles have been identified in the kidneys and other 
tissues of SLE patients; viruses from such tissues have not been definitely 
isolated (74-76). 

Attempts have been made to alter the course of murine nephritis based 
on the knowledge that the disease is generally more severe in female mice, 
a similarity to the known predilection for females in the human disease. 
Steinberg et al (77) observed that castration of male NZB/NZW mice at 
five weeks slightly increased DNA binding at 6.5 months of age, and 
Roubinian et al (78) showed that castrated male mice developed a disease 
pattern similar to that of female mice, with premature mortality. They also 
demonstrated that castrated female mice given continuous androgen treat- 
ment had a decreased mortality compared to castrated females given re- 
placement estrogen (14 vs 94% at 8 months). They failed to show an effect 
on life span of prepubertal castration of female NZB/NZW mice. Ducovic 
et al (79) demonstrated, however, that treatment of female NZB/NZW 
mice with the antiestrogen compound Nafoxidine® reduced anti-DNA anti- 
bodies, decreased proteinuria, and improved survival. At present hormonal 
manipulation does not appear practical in established human SLE, but an 
understanding of hormonal and immunologic interactions may help to 
clarify the pathogenesis of this disease. 


THERAPEUTIC RECOMMENDATIONS 


Several approaches to lupus nephritis have been advocated, but none of 
those so far applied in a controlled trial has been found to have clearcut 
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advantages over another, including, perheps, no therapy at all. Nearly all 
of the reports of clinical benefit in. lupus nephritis are uncontrolled and 
anecdotal. Even those studies with prospective randomization of patients 
are generally too small to demonstrate a statistical difference between two 
therapeutic regimens. Furthermore, becaase SLE is a disease with such 
protean manifestations, the groups being compared were often not truly 
equatable. It has been suggested, in fact, thet SLE may be a different disease 
in widely separated geographical areas, suzh as the US and Australia (80). 
These caveats imply that little conclusive Enowledge has been gained from 
the large but admittedly disappointing previous experience. McShane et al 
(81) point out that the substantial literature on the treatment of lupus 
nephritis might be reanalyzed by applying “stratification techniques” both 
retrospectively and prospectively. The chasce of therapy for the individual 
patient with SLE might be inferred not from the average outcome but from 
the outcome and best therapy for specifically similar patients. To achieve 
this end, many patients of differing disease severity and manifestations must 
be assigned to each treatment subset. Bec=use such a broad patient spec- 
trum cannot practically be achieved at ome medical center, information 
science techniques, cooperative efforts, ard access to large quantities of 
recorded prior experience are required. 

Until such critically evaluated comparative data is routinely available, 
the present proposals for therapy in lupus nephritis must be viewed as a 
series of compromises between the physician’s need to treat and the desire 
to do no harm. A balance between the need for a relatively simple uniform 
protocol that will yield further data and the necessity to weigh each pa- 
tient’s clinical and immunologic abnormalities and previous response to 
therapy must be achieved. With this in miad, the following recommenda- 
tions are proposed: 

1. In all forms of lupus nephritis, treatment of extrarenal manifestations 
of disease should not be ignored. 

2. An attempt should be made initially to reverse the serologic and/or 
clinical abnormalities of urine sediment and protein excretion observed in 
patients with mesangial and focal glomerclonephritis. This can often be 
achieved with small to moderate doses of oral prednisone (up to 0.5 mg/kg). 
In patients who fail to respond after six to eight weeks or who develop 
clinically significant toxicity, steroids should be tapered over two to four 
weeks but not abruptly discontinued. Such patients should be observed 
carefully for signs of clinical deterioration that might suggest progression 
to a diffuse lesion, with its attendant poor prognosis. 

3. Patients with a diffuse proliferative glamerular lesion and proteinuria 
and/or azotemia should initially be treated aggressively with high-dose oral 
steroids (1.0-1.5 mg/kg/day of prednisone. If no response or only partial 
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response occurs within four to six weeks, or if significant toxicity or clinical 
deterioration occurs sooner, additional therapy should be included, taper- 
ing steroids as indicated by toxicity. A predetermined, time-limited (twelve 
weeks) course of oral cyclophosphamide (2.0-2.5 mg/kg) may be instituted 
in patients whose serum creatinine is under 6 mg/dl and who have no 
evidence of chronic infection, but it should be discontinued as soon as 
clinical improvement is sustained, in order to minimize toxicity. Alterna- 
tively, patients with severe lupus nephritis may be enrolled in investiga- 
tional protocols of new immunosuppressive drugs or techniques, providing 
that the treatment course has been defined and patient and staff understand 
their participation in an experiment. To justify the risk of a new therapy, 
patients must be carefully selected and strict adherence to the protocol must 
be met if usable data and maximal safety are to be achieved. As part of a 
controlled study, patients with a very recent onset of azotemia (less than 
one month) might be suitable for pulse methylprednisolone therapy, as 
might those with manifestations of severe interstitial and tubular disease. 
Plasmapheresis might be logically tried in patients with systemic vasculitis 
and proliferative glomerulonephritis with increasing azotemia, assumed to 
be secondary to immune complex deposition. 

4. Patients with repeated exacerbations of nephritis or those whose clini- 
cal status deteriorates when steroids are tapered may have a trial of azathio- 
prine (2.5 mg/kg). If leukopenia develops, the dose should be tapered so 
that the white blood count is maintained above 3000/mm/?. While not gener- 
ally useful in treating acute episodes of SLE, azathioprine appears to main- 
tain remission in some patients, thereby minimizing future renal damage. 
Its steroid-sparing effect may serve to reduce rather than increase overall 
toxicity of a drug regimen. 

5. In the severely ill, toxic, imminently moribund patient, use of an 
experimental drug or method in the absence of a standard protocol is 
justified. We would resort to plasmapheresis repeated thrice weekly in the 
very sick patient in whom rapid unexplained deterioration occurs. 

6. Membranous glomerulonephritis with the nephrotic syndrome should 
be treated initially with a trial of prednisone, 1 mg/kg/day, for six weeks. 
Proteinuria leading to hypoproteinemia increases the risk of infection. 
Should proteinuria decrease to less than 2 g/day, sustained prednisone at 
a lower dose (0.5 mg/kg/day or 1.0 mg/kg on alternate days) should be 
continued. If proteinuria is not significantly diminished after six weeks, 
prednisone should be withdrawn and fluid overload managed with conser- 
vative measures such as diuretics and a salt-restricted diet. 

7. A clinical team of nephrologist and rheumatologist should plan a 
strategy for each patient with lupus nephritis and azotemia. The team 
should define the limits of acceptable toxicity prior to beginning therapy, 
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so that treatment can be altered before = creates greater morbidity and 
mortality than would occur in untreated lupus nephritis. While most physi- 
cians managing lupus nephritis have seen an occasional patient with return 
of normal renal function and a sustained remission of severe azotemia 
following aggressive therapy, the likelihoci of a good response in patients 
whose serum creatinine has reacher 3 m=/dl is small. An alternative to 
continued cytotoxic drug therapy should be considered in patients whose 
serum creatinine has risen to 4 mg/dl or hegher. Facilities for maintenance 
hemodialysis are now ubiquitously availabi=, allowing the conscious choice 
of withdrawal of toxic drug therapy in faver of progression to uremia, with 
excellent long-term survival (82). Many patients entered into a long-term 
dialysis program will undergo remission of their extrarenal manifestations 
of SLE, possibly as a result of partially reversed uremia. Patients who find 
maintenance hemodialysis to be an unaccedtable life-style may be encour- 
aged by the results of renal transplantation ¢83). But transplantation should 
not be attempted until the patient’s condizion has been stabilized and ex- 
trarenal manifestations of SLE have become quiescent. 
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CONTROL OF CORONARY #7375 
BLOOD FLOW 
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and Erie County Medical Center, Buffalo, New York 14215 


FACTORS AFFECTING THE MYOCARDIAL 
O, DEMAND-SUPPLY RELATIONSHIP 


The primary function of the coronary circulation is to supply the myocar- 
dium with its oxygen (O2) requirements. Since the heart has only a limited 
and short-lived capacity for anerobic metabolism, the metabolic needs of the 
myocardium can be considered almost solely in terms of oxidative metabo- 
lism. Therefore, there is a very close relationship between O, demand and 
O, supply. The three major factors affecting demand are wall stress, con- 
tractility, and heart rate (1). Wall stress is directly proportional to blood 
pressure and radius of curvature and inversely proportional to wall thick- 
ness. Systolic blood pressure, either peak or mean, is often used as an 
estimate for myocardial wall stress, and increases in systolic pressure are 
associated with similar increases in wall stress. However, changes in either 
radius of curvature or wall thickness can bring about changes in wall stress 
independently of changes in pressure. These latter factors are potentially 
important, especially when comparing different individuals or when evalu- 
ating wall stress in a single patient before and after an intervention. In spite 
of these limitations, systolic pressure remains a useful estimate of myocar- 
dial wall stress. Wall tension is less frequently substituted for wall stress. 
While the calculation of tension does take chamber radius into account, it 
pertains only to thin-wall structures and neglects effects of wall thickness. 

Contractility, the second major determinant of myocardial oxygen de- 
mand, is difficult to assess directly or quantitatively in man. In the intact 
heart sympathetic stimulation, catecholamine, or calcium administration 
can result in a substantial increase in myocardial O, uptake (MVO,) related 


489 
0066-42 19/80/0401-0489501.00 


490 KLOCKE & ELLIS 


solely to the increased velocity of contraction (2-4). Conventional hemody- 
namic indices of contractility have import=nt limitations and are ordinarily 
ignored in clinical estimates of MVO, tom hemodynamic parameters. 
Heart rate, the third important determinant of myocardial O, demand, is 
itself associated with inotropic effects. However, it is not clear whether the 
effect of rate on MVO, is due solely te an increase in the number of 
contractions per minute, or to the concomitant increase in velocity of 
contraction as well (1). Other factors affecing MVO,, such as increases in 
stroke volume (“volume work”), are relatively minor, e.g. a 50% increase 
in stroke volume increases MVO, by onl; ~4% (1). 

Attempts in man to correlate specific heraodynamic parameters reflecting 
myocardial O, demand with direct measuz=ments of O, consumption have 
been limited largely by the invasive naturz of techniques for quantitating 
coronary blood flow. Studies confined to basal conditions in the cardiac 
catheterization laboratory have covered = limited range of O, demand. 
Direct measurements of myocardial O, corzumption in man during exercise 
have been reported by groups from Minnesata (5-7) and Goteborg (8) using 
direct quantitation of coronary blood flow =nd the coronary arterial-venous 
O, difference. The Minnesota group stude:d normal young males at 2-3 
levels of exertion using upright bicycle ergometry. The highest levels of 
exercise achieved corresponded to 85% of maximal heart rate and 56% of 
maximal total body oxygen consumption. ‘The arterial-venous O; difference 
across the coronary bed increased by 10-15%, and MVO, by 300-400% 
(assuming usual resting values of this parameter). Indices of myocardial 
O, consumption involving the product of systolic pressure and heart rate 
correlated with coronary blood flow (r = 8.87-0.89) and O, consumption 
(r = 0.90) better than tension-time index, =eart rate, etc. The usefulness of 
“double product” as an index of myocardie. oxygen consumption in groups 
of healthy, normal individuals was therefore established. However, 95% 
confidence limits for estimates of MVO, fom individual values of double 
product were substantial, i.e. +8 ml O2/ 10) g LV/min (Figure 3 in Refer- 
ence 7). 

The Göteborg group (8) studied nation’s who were supine rather than 
upright, again using a bicycle ergometer. The double product (DP) of 
systolic pressure and heart rate was in the same range as in the Minnesota 
. Studies and was again reported to be a usef index of myocardial O, uptake 
in control subjects. However, the slope of tie regression line calculated for 
these subjects (See Reference 8, Table 2, =atients 11-21) is less than the 
slope of the similar line for the entire Minnesota group of normal individu- 
als (MVO, = 0.097 DP-— 0.62, r = 0.89 v3 MVO, = 0.16 DP — 3.9, r = 
0.85). Whether the difference in slope car be explained by the supine vs 
upright position is unclear. The 95% corddence limits for prediction of 
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O, uptake from individual measurements of double product again vary 
widely. Similar data reported by the Göteborg group for patients with 
coronary artery disease seem difficult to interpret in light of potential limita- 
tions in this setting of the Xe!3? technique used to measure coronary flow 
(9). 

The Minnesota group repeated studies in normal male volunteers before 
and after beta blockade, again using upright bicycle exercise (7). Their 
findings emphasize that relative metabolic loads for the whole body and 
heart are determined separately, and do not necessarily change in parallel 
with a given intervention. Following systemic beta blockade with pro- 
pranolol, a significantly higher workload was required to achieve a heart 
rate of 120 beats/min, although double product and myocardial O, con- 
sumption were the same at the two workloads. Similarly, when exercise to 
a given workload was repeated after propranolol, the workload was 
achieved at significantly lower values of double product and MVO}. The 
rate-pressure product continued to correlate well with myocardial O, con- 
sumption, despite the reduction in contractility produced by this agent. The 
continued correlation may, at least in part, have reflected “cancelling” 
effects of directionally opposite influences on O, consumption, e.g. reduced 
contractility secondary to propranolol vs increased wall stress secondary to 
a larger heart size during exercise. Also noteworthy was an 18% increase 
in average coronary arterial-venous O, extraction at the same level of 
double product (16.1 m1 02/100 ml with propranolol vs 13.8 ml 02/100 ml 
prior to propranolol). 

Physical training can also affect myocardial O, demand. Myocardial 
O; requirements are clearly less for any given level of exercise in the trained 
individual. The diminished heart rate during exercise is an important factor 
in this response, while effects of hypertrophy and/or cavity dilation (10) are 
more difficult to sort out. 


DRIVING PRESSURE AND RESISTANCE 
IN THE CORONARY VASCULAR BED 


Oxygen supply to the myocardium depends on coronary blood flow and the 
coronary arterial-venous O, difference. About 65-85% of the O, contained 
in arterial blood is normally extracted by the myocardium in a single 
passage through the coronary bed. Accordingly, it is difficult for the heart 
to adjust to increased metabolic demand by increasing O, extraction (al- 
though, as noted above, a modest degree of increased extraction can occur 
during intense exercise or beta blockade). Changes in coronary blood flow 
are the primary mechanism by which the coronary circulation adjusts to 
changing myocardial O, demand. To understand the factors regulating 


492 KLOCKE & ELLIS 


coronary flow, one must consider in som= detail the relationships among 
coronary flow, driving pressure, and vascular resistance. 

The relationship between flow (Q), pressure, and resistance in the left 
ventricular bed has most frequently beer expressed using the traditional 
Ohm’s Law formulation, Ò = AP/R, where AP = driving pressure and 
R = vascular resistance. Resistance is potentially multifactorial and is 
discussed in depth below. The driving pressure AP is more complex than 
previously appreciated, and approaches for employing Ohm’s Law need to 
be reexamined. Figure 1 schematically represents traditional concepts of 
pressure-flow relations within the coronary vascular bed. The solid black 
line depicts the relationship between flow and pressure over a wide range 
of these values. The range of pressure over which flow remains relatively 
constant—the “‘autoregulatory” range (11)—lies between ihe bounds of 
maximum vasodilation on the left and maximum vasoconstriction on the 
right. The black dot represents a typical onerating point within this range. 
Vascular resistance calculated for the point usually employs the Ohm’s Law 
formulation and places the point on one cf the three dotted pressure-flow 
lines, depending on the value chosen for AZ. Most often AP has been taken 
as the difference between inflow and rigkt atrial pressures, or as inflow 
pressure alone. Some investigators have used mean pressure for the entire 
cardiac cycle while others have chosen meen diastolic values because of the 
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Figure I Pressure-flow relationships in the coronazy bed. Dotted lines illustrate different 
calculations of resistance, depending on the choice cf “back pressure” (see text for details): 
R = resistance, AP = driving pressure, Ô = flow, Fao = aortic (inflow) pressure, Pra, ta = 
right and left atrial pressures. (Reprinted with perm-ssion from Anesthesiology. ) 
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preponderance of coronary flow during diastole. During the past few years 
attention has focused increasingly on the difference between inflow and left 
ventricular (or left atrial) diastolic pressures since local tissue pressure may 
limit flow even during diastole (12). Previous studies of autoregulation (e.g. 
11) suggest that the minimum pressure required for any flow during maxi- 
mum vasodilation (the intersection of the solid pressure-flow curve with 
the pressure axis) is actually higher than either right or left atrial pressures. 
Thus, the proper choice of driving pressure is at issue. Overestimates of 
AP will, of course, lead to overestimates of coronary vascular resistance. 
Recently obtained data, schematically represented in Figure 2, indicate 
that the magnitude of this problem is greater than previously suspected. 
When instantaneous pressure-flow relationships are quantified during single 
long diastoles, fow consistently appears to be a linear function of inflow 
pressure (13, 13a). The reciprocal of the pressure-flow line provides a direct 
measure of coronary vascular resistance, and the pressure-axis intercept an’ 
estimate of the minimum inflow pressure required for any diastolic perfu- 
sion. Bellamy (13) reported the latter, here termed zero-flow pressure 
(Pzr), to be ~40 mm Hg in conscious dogs under basal conditions; our 
laboratory recently verified it to be 3-5 times greater than mean left or right 
atrial pressure in open-chest dogs (13a). Thus, forces opposing diastolic flow 
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Figure 2 Pressure-flow relationship during a single diastole. The thick dotted line illustrates 
that the relationship is linear, with a pressure-axis intercept that is higher than any of the 
values for “back pressure” suggested in Figure 1: Pzp = zero-flow pressure; other abbreviations 
as in Figure 1. (Reprinted with permission from Anesthesiology. ) 
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in the immediate vicinity of intramyocardil vascular channels are apprecia- 
bly higher than previously considered, anc coronary vascular resistance can 
be significantly overestimated if Pzp is igzored. In addition, this quantita- 
tively important “back pressure” to flow can be changed by physiological 
interventions and probably plays a dynamic rather than static role in coro- 
nary flow regulation. These points are discussed further in the section on 
coronary reserve. The basic mechanism(s: by which Pzp is controlled re- 
mains to be defined but is of considerable interest. 


FUNCTIONAL COMPONENTS AND CONTROL 
OF CORONARY VASCULAR EESISTANCE 


Functional Components 

Coronary vascular resistance can be mode.ad as the sum of three functional 
components (14). (a) So-called basal viscous resistance is the minimum 
possible resistance of the system and corresponds to the resistance during 
diastole with the coronary bed fully dilated. This component is relatively 
constant over long periods of time. (6) So-called autoregulatory resistance 
relates to the number and caliber of open shannels at the microcirculatory 
level. Of particular importance are arteriol=r smooth muscle tone and capil- 
lary density. Autoregulatory resistance is ordinarily 4-5 times larger than 
basal viscous resistance and can change >ver a few cardiac cycles in re- 
sponse to changing myocardial metabolic Gemand. It is traditionally consid- 
ered the primary mechanism by which ccronary flow adjusts to changing 
demand. Alterations in autoregulatory resistance are mediated primarily by 
arterioles and/or precapillary sphincters, -esulting in changes in total vas- 
cular cross-sectional area. The ability of myocardial vessels to vasodilate in 
response to increased demand is often referred to as “coronary reserve” and 
is discussed below. The normal magnitude of this reserve is such that flow 
can increase by a factor of 4-5 without a change in inflow pressure. (c) 
So-called compressive resistance results from the actions on myocardial 
vessels of local forces resulting from intranryocardial pressure. Compressive 
resistance varies during a single cardiac cycle, and is especially large during 
systole. When superimposed on basal viscous and autoregulatory resistance 
during systole, it reduces flow velocities to ~!4 of diastolic values. 

All three of these functional components of coronary vascular resistance 
can change temporally, spatially, and/or transmurally. While basal viscous 
resistance is normally constant over long periods of time, some studies 
indicate an inherent gradient of vascularity favoring the inner, subendocar- 
dial portion of the myocardial wall (15, 16). Compressive resistance changes 
transmurally as well as temporally. Durirg systole there is an important 
pressure gradient across the myocardial well. While the detailed pattern of 
the gradient is unsettled, intramyocardia. pressure is agreed to be near 
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ventricular pressure in the subendocardium and to decrease progressively 
toward the epicardium (17). As a result, there is relatively little flow to the 
subendocardium during systole. Compressive resistance is much smaller 
during diastole, although a similar inner-to-outer gradient is likely at nor- 
mal preload (18, 19) and is accentuated at elevated preload (19). Absolute 
levels of diastolic intramyocardial pressure remain controversial, largely 
because of technical limitations of the various techniques used to estimate 
them. In considering the various expressions of compressive resistance, it 
is sometimes unclear whether effects are manifest through a change in Pzp 
(and therefore driving pressure), a change in vascular cross-sectional area 
(and therefore resistance), or both. 

Autoregulatory resistance changes temporally, transmurally, and spa- 
tially. The importance and magnitude of the temporal adjustment to chang- 
ing myocardial demand has already been commented upon. Transmural 
and spatial variations are covered in more detail subsequently. The control 
of autoregulatory resistance is of primary importance in the regulation of 
coronary blood flow and has been the subject of intense investigation for 
decades. Mechanisms for adjusting autoregulatory tone can be classified as 
neurohumoral, metabolic, and myogenic. 


Control Mechanisms 


Coronary vascular smooth muscle is subject to neurohumoral influences 
through direct autonomic innervation as well as circulatory vasoactive 
agents. All studies of neural mechanisms for adjusting coronary resistance 
have necessarily involved rigid control of myocardial hemodynamics in 
order to separate direct neural effects from secondary vasodilation induced 
metabolically as a result of myocardial sympathetic stimulation. In many 
preparations neural effects were minimized abnormally by anesthesia. On 
the basis of studies of hearts with intact coronary circulation and isolated 
segments of coronary vessels, it is acknowledged that direct adrenergic 
innervation involves both constrictor and dilator mechanisms (14). The 
former appear to predominate. Experiments in anesthetized and, more 
recently, conscious animals indicate that an alpha adrenergic mechanism 
normally exerts a tonic influence on coronary vascular smooth muscle and 
can serve as a “restraint” on the ability of the coronary bed to vasodilate 
during stress (20-27). A preliminary report by Vatner and colleagues (28) 
suggests that an alpha adrenergic mechanism may modulate vascular tone 
in epicardial coronary arteries as well as at the arteriolar level. Cholinergic 
regulation of coronary flow has also been demonstrated in experimental 
animals (29). 

Although evidence of alpha adrenergic constrictor influences is more 
limited in man, a recent study contrasting normal subjects and cardiac 
allograft recipients (30) suggests that measurable vasoconstrictor tone is 
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present in the normal coronary bed under basal conditions. This vasocon- 
strictor tone may be involved in the prod_ction of angina in some patients 
with coronary artery disease (31). Coronzry artery vasospasm, a common 
pathophysiologic mechanism in the variaxt angina syndrome, may also be 
related to abnormalities in the sympathet.> nervous system (32). Maseri et 
al (33) suggest that coronary spasm is =ven responsible for myocardial 
infarction in selected patients with coronary disease. Thus, interest in, and 
appreciation of, sympathetic neural meckanisms for modulating coronary 
flow in man is clearly increasing. 

Of all factors considered to be involvec in the control of autoregulatory 
resistance, metabolic factors play the larg=st role. This conclusion is based 
largely on the close parallel between myocardial O, utilization and coronary 
flow in a myriad of investigations. While numerous agents have, at one time 
or another, been proposed as “the” metabolic regulator of resistance, the 
largest body of evidence has been accun_ilated in favor of adenosine by 
Berne and his colleagues (34). 

Adenosine is a nucleoside composed of ribose and the purine base ade- 
nine. It is formed as a result of cleavage of a phosphate group from 5'- 
adenylic acid (5'-AMP) by the enzyme 5'-aucleotidase, which is located at 
the myocardial cell membrane. With myocerdial hypoxia, there is presumed 
to be a gradual increase in the concentration of 5'-AMP. This increase 
provides more substrate for 5'-nucleotidase resulting in increased amounts 
of adenosine in the interstitial space. The adenosine produces vasodilation 
by an unexplained action on resistance vessels, resulting in an increase in 
coronary blood flow. Thus, adenosine re=ponds to a fall in intracellular 
oxygen tension. Adenosine in the interstitial space is ultimately removed by 
three processes: conversion to inosine an= hypoxanthine in red cells and 
vascular endothelium; transport back acrozs the myocardial cell membrane 
with subsequent deamination to inosine oc rephosphorylation to 5'-AMP; 
or removal via increased blood flow. In viev of these pathways, it is under- 
standable that adenosine is ordinarily foumd in very small concentrations 
(10-9 M) in myocardial tissue and coronary sinus blood (34, 35). It is present 
in increased amounts in ischemic myocardial tissue (35) and in coronary 
sinus outflow of patients with coronary artery disease during pacing- 
induced angina pectoris (36). 

Prostaglandins are another category of agents that have recently received 
attention in the metabolic regulation of ccronary blood flow. These agents 
are diversely and potently vasoactive (37 38); regional release increased 
following experimental coronary artery ceclusion (39). This area is still 
evolving rapidly, however, and the precise role of prostaglandins in the 
control of coronary flow in man remains unclear. Other potential metabolic 
regulators of coronary perfusion include mxygen tension, carbon dioxide 
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tension (40, 41), lactic acid, potassium, phosphate, and pH. The careful 
studies of CO, by Case et al (40, 41) are noteworthy, particularly in view 
of the remarkable elevations in tissue CO, reported during experimental 
ischemia (42). 

In summary, available evidence still points more strongly to adenosine 
as the metabolic regulator of autoregulatory resistance than to any other 
substance. At the same time, other vasoactive agents may play a role, 
perhaps through a mechanism such as local modulation of adrenergic trans- 
mitter release (26). 

The myogenic hypothesis for control of coronary perfusion was originally 
proposed by Bayliss in 1902 (43). According to this hypothesis, blood 
vessels are intrinsically able to respond to changes in transmural pressure, 
i.e, distention of a vessel by an increase in perfusion pressure stimulates 
contraction of vascular smooth muscle. Similarly, decreases in transmural 
pressure result in vasodilation. Although it has been difficult to formulate 
studies capable of defining the importance of myogenic factors in vivo, they 
seem likely to be involved in the reactive hyperemia following transient 
coronary artery occlusion (44, 45). They could also conceivably be involved 
in the control of Pzp. 


CORONARY RESERVE AND TRANSMURAL 
VARIATIONS IN MYOCARDIAL PERFUSION 


Overall Coronary Reserve 


As mentioned earlier, coronary flow can ordinarily increase several-fold 
without a change in inflow (aortic) pressure. Commonly referred to as 
coronary “reserve,” this capacity has been related to an inherent ability to 
decrease coronary vascular resistance several-fold. In Figure 2, this would 
correspond to increasing the slope of the thick dotted pressure-flow line. 
The maximum possible increase would correspond to the slope of the line 
at the left representing maximum vasodilation. While changes in coronary 
vascular resistance are the major mechanism involved in coronary reserve, 
changes in Pzp may also play a role, i.e. options for adjusting flow may 
include changes in position as well as slope of the diastolic pressure-flow 
relationship. Bellamy reported substantial decreases in Pzp following total 
inflow occlusion or maximum pharmacologic vasodilation (13). 

Our laboratory recently observed that Pzp also varies during modest 
changes in coronary pressure and flow traditionally attributed entirely to 
changes in coronary resistance (13a). Decreases in Pzp occur as part of the 
compensation for effects of arterial stenosis. With mild stenoses, these 
decreases sometimes allow driving pressure to be maintained at near-nor- 
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mal levels, with preservation of basal perfusion without an appreciable 
change in resistance. We have also founc that Pzp and coronary vascular 
resistance change in directionally opposic2 fashion during the early phase 
of reactive hyperemia following total inflow occlusion (45a}. This observa- 
tion further suggests that Pzp and resistanze are controlled by independent 
mechanisms. When coronary reserve has zeen exhausted, the coronary bed 
is presumed to be maximally dilated and cue circulation to be operating on 
the “maximum vasodilation” line illustrazed in Figures 1 and 2. The posi- 
tion of this line is determined by Pzp, waich is presumably at or near a 
minimum value in situations in which maximum vasodilation has occurred. 
The demonstration that the diastolic pressure-flow curve can be shifted to 
the right by increased preload in the facs of maximum vasodilation (19) 
reminds us that local tissue forces can alt=r flow independently of changes 
in vascular resistance and/or inflow pressure. 

Figures 1 and 2 are also of interest from the viewpoints of anemia and 
left ventricular hypertrophy. The anemic patient requires a higher coronary 
flow to achieve normal O, delivery at any given level of myocardial meta- 
bolic demand. As outlined by Hoffman (12), the horizontal portion of the 
overall pressure-flow relationship, i.e. the portion within the autoregulatory 
range, is therefore elevated. Since the elevated portion intersects the maxi- 
mum vasodilation line at a higher-than-us=al pressure, maximum vasodila- 
tion occurs at a higher-than-usual inflow ‘aortic) pressure. In the case of 
hypertrophy, proliferation of vascular chennels may not always keep pace 
with the increase in myocardial mass (46) If perfusion is expressed on the 
basis of flow per unit mass, the slope of the maximum vasodilation line in 
Figures 1 and 2, which represents maxizaum possible coronary conduc- 
tance, is decreased. This again causes ma¥.mum vasodilation to occur at a 
higher-than-usual inflow pressure. Thus, patients with anemia and ventricu- 
lar hypertrophy are particularly vulnerablz to myocardial ischemia during 
periods of hypotension. 


Transmural Myocardial Perfusion 


During recent years it has become clear zhat the principles outlined for 
overall left ventricular perfusion require intportant refinement when consid- 
ering perfusion in different tissue layers. ince mechanical effects of ven- 
tricular contraction impede systolic perfusion to a greater degree in the 
inner layers of the heart than the outer, the inner layers must receive a 
proportionately greater fraction of their pecfusion during diastole. Myocar- 
dial O, requirements are at least as grea: in the subendocardium as the 
subepicardium (17, 47); possible transmur=l differences in local O, extrac- 
tion (48-51) do not negate the need for the =ull-cycle level of subendocardial 
flow at least to equal that in the subepicardium. Diastolic flow to the inner 
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layers of the heart therefore exceeds that to the outer, and mechanisms for 
achieving this augmentation in diastolic endocardial perfusion continue to 
be studied intensively. Potential options relate to transmural differences in 
resistance and driving pressure. 

Subendocardial resistance relates to both capillarity and degree of vasodi- 
lation. Studies several years ago indicated a greater number of open capillar- 
ies in the subendocardium during normal perfusion (52, 53), and it was 
reasonably suggested (47) that the subendocardium normally uses a portion 
of its vasodilatory reserve to compensate for the “throttling” effect of 
systole on coronary inflow. More recent work indicates that minimum 
possible resistance (during maximum vasodilation) is less in the suben- 
docardium than in the subepicardium (15, 16, 18), i.e. that total vasodila- 
tory reserve is inherently greater in this area. Potential transmural 
differences in driving pressure also require further investigation. Diastolic 
driving pressure is pivotal for the subendocardium; a smaller value than in 
the subepicardium has been presumed on the basis of the normal difference 
between intraventricular and pericardial diastolic pressures. The recogni- 
tion that Pzp ordinarily exceeds intraventricular diastolic pressure implies 
that driving pressures in all transmural layers have been overestimated 
frequently—particularly at low aortic pressures—and that attention must 
be focused on the absolute magnitude of Pzp as well as on possible transmu- 
ral differences. Recent studies by Rouleau and colleagues (18), using pres- 
sure-flow data derived from microsphere measurements made during 
full-cycle perfusion and maximum vasodilation, conclude that transmural 
differences in Pzp play an important role in transmural flow regulation 
(with subendocardial Pzp normally exceeding that in the subepicardium). 
Data from our own laboratory (19), obtained with microsphere measure- 
ments made during selective diastolic perfusion and maximum vasodilation, 
suggest that a directionally similar transmural gradient in Pzp at normal 
preload is accentuated at elevated preload. 

What is the impact of these various factors on transmural perfusion? A 
convincing body of evidence, recently summarized by Hoffman (12), now 
indicates that ischemia is ordinarily evident earlier and to a greater degree 
in the subendocardium than in the subepicardium. Although local perfusion 
depends on the complex interplay between local resistance and driving 
pressure (as modulated by autoregulation), coronary reserve is exhausted 
earlier in the inner layers of the heart under most conditions (18, 54; J. C. 
Giacomini & F. J. Klocke, unpublished observations). Once reserve has 
been exhausted, flow at any given inflow pressure becomes critically depen- 
dent upon local resistance and the local forces governing “back pressure.” 
Subendocardial ischemia reflects an inadequacy of flow for local O, demand 
despite full utilization of coronary reserve mechanisms. 
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Attempts to define hemodynamic indizes reflecting such an imbalance 
began with the coronary-—left ventricul=r pressure ratio of Griggs & 
Nakamura (55). In a widely admired series of studies over the past several 
years, Hoffman, Buckberg, and colleagues zarefully defined advantages and 
limitations of the DPTI:SPTI ratio (17). DPTI, the diastolic pressure-time 
index, is the area between the coronary arterial and left ventricular pressure 
curves during diastole and is considered to reflect O, supply. SPTI, the 
systolic pressure-time index, is the area ander the left ventricular pres- 
sure curve during systole and is taken t= reflect O, demand. When the 
DPTI:SPTI ratio falls below 0.4, coronar, reserve is ordinarily exhausted, 
with local perfusion falling short of O, requirements. The ratio has great 
conceptual attractiveness and practical ut-ity. Nevertheless, specific appli- 
cations must be made in the context of potential limitations. As recently 
summarized by Hoffman (12), these limit=tions relate both to SPTI as an 
index of local O, demand, and to DPTI as an index of local O, supply. 
While effects of anemia can be corrected reasonably easily, effects of trans- 
mural variations in minimum possible resstance and driving pressure are 
more troublesome. Mechanistic interpretations of changes in endocardial- 
epicardial flow ratios, which can now be measured accurately and reprodu- 
cibly in experimental animals with radiogzctive microspheres (56), require 
consideration of several simultaneously Cderative factors. In addition to 
local driving pressures and resistances, these include the absolute levels of 
endocardial and epicardial flow and diastolic aortic pressure. Decreasing 
values of the latter assume increasing importance, since they accentuate 
transmural differences in driving pressure related to transmural differences 
in Pzr. In the presence of coronary artery c_sease, the situation is even more 
complex since diastolic aortic pressure dees not reflect coronary arterial 
pressure downstream to an obstructive lesion. The latter pressure, which is 
the one needed for determining DPTI, cennot ordinarily be measured in 
man. 

Although of less direct clinical impact, it should also be kept in mind that 
myocardial perfusion is heterogeneous ir a nontransmurai as well as a 
transmural sense. Bassingthwaighte and colleagues (57, 58) characterized 
the distribution of perfusion, as measured by the radioactive microsphere 
technique, in 250 segments of the consciovs baboon ventricle under a vari- 
ety of physiological conditions. They repor: a broad distribution of regional 
flows (varying from ~0.3 to ~2.2 times tze mean), which remains stable 
during bicycle exercise or hyperthermia. Schanzenbacher & Klocke (59) 
recently confirmed that regional flows vary =imilarly within the endocardial, 
mid-myocardial and epicardial layers of the normal canine ventricle. They 
also found that heterogeneity of flow within individual layers persisted 
when average flow for the layer was altered in relation to average flow for 
the entire ventricle. 
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SPECIAL PROBLEMS IN ISCHEMIC 
HEART DISEASE CAUSED BY 
CORONARY ATHEROSCLEROSIS 


Factors Governing the Relationship 

Between Degree of Stenosis and Flow 

The effects of partial coronary artery obstruction on coronary perfusion are 
complex. A sizable body of information about the resistance to flow offered 
by stenoses of varying geometry and severity has become available during 
the past few years (e.g. 60-62). A laboratory model of coronary stenosis has 
been able to define flow velocity at multiple points across an individual 
cross section of a vessel, and to develop velocity flow profiles by extending 
such measurements to sequential cross sections (60). As shown schemati- 
cally in Figure 3, flow profiles are altered only slightly in the vicinity of a 
mild stenosis; flow reattaches, so to speak, to the vessel wall immediately 
downstream of the stenosis. The relationship between pressure drop across 
the stenosis and flow is therefore linear, and stenosis resistance remains 
constant as flow increases. With severe stenoses, flow profiles separate from 
the vascular wall downstream of the stenosis, leading to local turbulence 
and important energy losses. Pressure drop across the stenosis is greater at 
all levels of flow; more importantly, pressure drop rises exponentially rather 
than linearly as flow and/or the degree of stenosis increases. The effective 
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Figure 3 Velocity profiles and pressure-flow relationships for mild and severe stenoses (see 
text for details): AP = pressure drop across the stenosis (only), F = flow. 
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resistance of the stenosis therefore increeses nonlinearly as flow or degree 
of stenosis increases. Augmentations in tze flow increase resistance during 
situations of increased O, demand. Resistance also varies more widely than 
usual in a stenotic vessel during the carziac cycle, placing diastolic (and 
therefore subendocardial) perfusion in particular jeopardy. 

In order to examine the in vivo relaticaship between degree of stenosis 
and coronary perfusion, the combined effezts of the stenosis and the various 
other factors governing coronary flow mast be considered. The left-hand 
portion of Figure 4 again illustrates that stenosis resistance increases with 
severity of stenosis. Rather remarkable in=rements can occur with minima] 
progression in stenoses obstructing 80% o- more of luminal cross-sectional 
area. The right-hand portion of Figure + schematically summarizes the 
relationship between coronary flow and percentage of stenosis in the intact 
coronary bed. Basal flow is designated ty an arbitrary value of 1.0 and 
normal coronary reserve potential is reprssented by the shaded area above 
this value. The normal situation is represented by 0% stenosis. In this 
setting, total available coronary reserve = taken as four-fold. As stenosis 
develops, reserve begins to be compromised but basal flow is preserved. The 
degree of compromise increases exponentially at the higher degrees of steno- 
sis and reserve is exhausted at ~85% obstruction of arterial cross-sectional 
area. When the degree of stenosis is in this range, large reductions in flow 
are produced by even small increments -2 the degree of obstruction. An 
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Figure 4 Relationships between stenosis resistance and degree of stenosis, and in vivo flow 
and degree of stenosis (see text for details). 
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increase in occluded area from 90 to 95% can potentially reduce flow by 
a factor of two. These factors underscore the difficulties involved in quanti- 
tative inferences about coronary flow from even technically superior arterio- 
grams. 


Quantitation of Myocardial Flow in Man 


Measurements of myocardial flow in man during the past 2-3 decades have 
most frequently employed some form of diffusible tracer technique. Until 
relatively recently, most approaches made no distinction between normally 
and abnormally perfused areas, but instead purported to give an average 
value of flow, expressed as ml/min/100 g, for the entire left ventricle. This 
value was obtained by measuring the rate of entry into or exit from myocar- 
dial tissue of an inert tracer. Methodological details varied importantly with 
different tracers, and conflicting results were frequent in patients with coro- 
nary artery disease. It now seems clear that this confusion occurred because 
localized areas of reduced flow were often incompletely represented in the 
measurement of average flow (9). In our own laboratories average left 
ventricular flow has been found to be less under basal conditions in the 
catheterization laboratory in patients with angina pectoris and double- and 
triple-vessel disease than in patients with atypical chest pain and normal 
coronary arteries (63). This finding was surprising in that we (like others) 
originally thought it likely that differences in flow between normal and 
coronary patients would be apparent only during stress. One possibility 
which could not be excluded was that the reduced values of average flow 
in coronary patients merely reflected inclusion in the flow measurement of 
areas of scar tissue as well as functioning myocardium. 

In recent years, investigators attempting to quantitate flow have appro- 
priately focused on regional rather than overall left ventricular perfusion. 
Techniques continue most commonly to involve diffusible tracers; tracer 
exchange is localized by either precordial counting of radioactivity originat- 
ing from a localized area within the ventricle, or selective sampling of 
venous outflow from a localized ventricular region. A detailed discussion 
of different approaches and their methodological requirements is beyond 
the scope of this paper but has been presented elsewhere (9). Patients with 
proximal left anterior descending stenoses are particularly suitable for stud- 
ies employing venous outflow sampling, since great cardiac vein blood 
originating essentially entirely from myocardium nourished by the anterior 
descending artery can be sampled in the catheterization laboratory (64). 
Studies of such patients in our own laboratories (65) indicate that regional 
flow is decreased consistently under basal conditions with stenoses obstruct- 
ing 90-100% of luminal cross-sectional area. Regional flow also does not 
show the usual relationship with double product, almost appearing to be 
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“fixed” at a lower-than-usual value. Casas of 50-75% stenosis have more 
variable values of regional flow under besal conditions, and may possibly 
be subdivided on the basis of the flow mzasurement. Responses of flow to 
atrial pacing are frequently blunted with hese lesser degrees of stenoses, as 
compatible with a limited coronary rese-ve. 

The frequency with which regional flow has appeared to be limited—at 
least in regard to usual flow—double-product relationships—in the absence 
of chest pain, lactate production, etc has azain been surprising. Conceivably 
the limitation is an “artifact” of the inadequacies of systolic pressure as an 
index of wall stress discussed in the first section. We have been unable to 
relate it to previous episodes of myocard_al necrosis as judged by clinical, 
enzymatic, electrocardiographic, or ang.ographic data. Accordingly, we 
suggested that a chronic reduction in bazal regional O, demand, perhaps 
related to altered mechanical performance, should be considered. 

Of several recent studies potentially searing on this point, the most 
relevant is the Mayo Clinic investigation of anterior wall performance in 
patients with proximal anterior descendirz obstruction (66). Peak rates of 
systolic wall thickening and diastolic wall thinning were decreased system- 
atically under basal conditions in patients with past episodes of ischemia but 
not infarction. The diastolic abnormality «vas more severe in patients with 
90% or greater obstruction of anterior descending cross-sectional area than 
in patients with less severe obstruction. Tese findings are compatible with 
the hypothesis that a normal balance bet~een O, demand and supply can 
be maintained by local adjustments in regional O, demand in the presence 
of restricted O, supply. They and our on data are also consistent with 
the experimental data summarized above indicating that vasodilatory re- 
serve downstream to an ~85% stenosis can be exhausted under basal con- 
ditions. 

Potential effects of collateral circulatior. and physical training on human 
myocardial perfusion can be mentioned only briefly. While there is no 
question about the existence and beneficial effect of collaterals in patients 
with coronary atherosclerosis, the quantitative magnitude of perfusion sup- 
plied by these vessels at rest and during stress remains to be defined. It seems 
reasonable that angiography does not defire all functional conduits. Limita- 
tions of physiological indices such as retrcgrade flow and peripheral coro- 
nary pressure have been acknowledged cé-efully by investigators working 
in the field. Peripheral coronary pressure requires additional review in light 
of current concepts concerning Pzp. Specces differences importantly limit 
the extrapolation of studies in experimente. animals to man. In man as well 
as the experimental animal, the interpretation of specific findings often 
requires knowledge of the amount of scar tissue (as opposed to viable 
myocardium) in the collateralized bed. 
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Physical training may have several beneficial effects on the coronary 
circulation. It is well established that myocardial O, requirements are less 
for any given level of exercise in a trained individual. The diminished heart 
rate is an important factor in this response, while effects of hypertrophy 
and/or cavity dilation (67) are more difficult to sort out. In addition to 
reducing O, demand, the slower heart rate allows a greater duration of 
diastolic coronary perfusion. Several studies suggest that myocardial capil- 
lary density may be increased by training (68-70). Reported effects of 
training on collateral perfusion vary and no conclusion seems possible at 
this time. Wyatt et al (71) suggested that training augments effects of 
catecholamines on myocardial contractility without a change in intrinsic 
contractile function. Additional fundamental information about myocar- 
dial perfusion and performance during exercise and training is needed, 
particularly in the light of the evolving concepts of driving pressure and 
resistance described earlier. Much of this information will have to be ob- 
tained in experimental animals subjected to extensive chronic instrumenta- 
tion. Such studies will need to include observations with and without 
simulation of coronary stenosis. Even with simulation of local stenosis, 
extrapolation of findings to man will require considerable caution, since 
human coronary atherosclerosis commonly has an appreciable longitudinal 
extent (72-74). 
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INTRODUCTION > 


As early as 1910 Duke (1) reported the efficacy of transfusing platelets in 
patients with bleeding disorders. However, it was not until the 1950s that 
platelet transfusions were investigated in a systematic fashion. The early 
workers in this field, Dillard, Brecher & Cronkite (2), Stefanini et al (3, 4), 
and Hirsch & Gardner (5), used platelet transfusions primarily as a diagnos- 
_ tic tool to evaluate mechanisms of thrombocytopenia rather than for thera- 
peutic purposes. The advent of plastic bags for blood collection in the 1960s 
made it feasible to centrifuge blood so that useful concentrates of platelets 
_could be prepared. As a consequence, platelet transfusions were adopted 
more frequently in the management of thrombocytopenic patients. 

In 1964, investigators at the National Cancer Institute (NCI) described 
the value of platelet transfusions in the treatment of leukemia, where hem- 
orrhage was considered to be the major cause of death in 52% of 414 acute 
leukemia patients studied from 1954 to 1963 (6). During 1954 through 
1959, before platelet preparations were available for transfusion, fatal hem- 
orrhage was observed in 67% of these cases. But in the 3-year period 
between 1960 and 1963, only 37% of such patients died of hemorrhage. In 
1968 Han et al (7) reported the results of autopsy in 57 cases of acute 
leukemia. Thirty of these patients had died before platelet tranfusions were 
_ available, and 65% of these showed major hemorrhage as the proximate 
cause of death. However, only 15% of the 27 patients for whom platelet 
transfusions were available died of major bleeding. In a nonrandomized 
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retrospective study of children with acute -cukemia treated with repeated 
platelet transfusions, fewer bleeding days were recorded than in untreated 
patients (8). Another report showed that patients given prophylactic plate- 
let transfusions for platelet counts of less (han 25,000/ u1 had a reduction 
in overall bleeding from 56 to 7%, while n-—nor bleeding episodes fell from 
44 to 4% (9). In the only prospective comirolled study, 18 patients with 
acute leukemia and platelet counts less th=n 30,000/ ul were randomized 
to receive either platelets or platelet-poor plasma (10). Eight of 9 in the 
plasma-treated group bled, as compared with 4 of 12 in the platelet-treated 
group. Fever was asssociated with substantl bleeding in 10 of 13 patients. 
These early studies established the value of platelet transfusions and subse- 
quent studies have further defined their preparation, storage, and use. 

Certain general principles of platelet tramsfusion therapy are widely ac- 
cepted on the basis of scientific data and clinical practice. These principles 
are discussed in the next section. In subsequent sections the areas of platelet 
transfusion management that remain contr<versial are discussed, including 
methods of maintaining platelet viability ari function during storage, indi- 
cations for platelet transfusion, factors affe-ting platelet alioimmunization 
and techniques for selecting compatible ple-elet donors. Because the latter 
subjects remain controversial, additional scentific data will be required to 
develop firm guidelines. 


GENERALLY ACCEPTED PRIT:CIPLES 
OF PLATELET TRANSFUSION THERAPY 


Collection and Preparation of Platezts for Transfusion 


The first platelet transfusions were direct transfusions of fresh whole blood 
either from normal donors or preferably fom patients with polycythemia 
vera and associated thrombocytosis (3-5). Fiatelet-rich plasma preparations 
were subsequently administered when centufugation techniques permitted 
this advance. Attempts to prepare platelec concentrates were originally 
thwarted by inability to resuspend the ple elets after they had been cen- 
trifuged into a platelet button. This problens was solved by either preparing 
the platelet concentrate from ACD acidified platelet-rich plasma (11) or 
allowing nonacidified ACD and CPD anticoagulated platelet concentrates 
to remain undisturbed at room temperature for 1-2 hours before resuspen- 
sion (12). Acidification to pH 6.5 inhibits platelet aggregation during cen- 
trifugation; after centrifugation, a waitima period before resuspension 
permits spontaneous disaggregation. Either of these two techniques of plate- 
let resuspension when used with appropriate centrifugation force and time, 
allows the concentration of approximately £5% of the whole blood platelets 
into a small volume while maintaining post--ranfusion platelet viability and 


PLATELET TRANSFUSION THERAPY 511 


function (13). This preparation of individual platelet units in a small volume 
makes it possible to pool several concentrates into an appropriate transfu- 
sion dose without producing the volume overload that can occur with 
platelet-rich plasma or whole blood administration. Furthermore, when 
platelet concentrates are prepared, the remaining plasma and red cells can 
be used for other transfusion requirements. Since platelet viability is not 
maintained under the conditions of whole blood storage at 4°C (14-16) 
refrigerated blood cannot be used as a source of viable platelets. 

Platelet concentrates can either be prepared from units of routinely do- 
nated whole blood, or from a single donor. In the latter case, the donor’s 
blood flows into a spinning centrifuge bowl and after the platelet fraction 
is diverted into a collection bag, the remaining plasma and red cells are 
returned to the donor. This process is generally repeated until the equivalent 
of 4-6 units of platelets have been harvested. Both the viability and function 
of platelets collected by this technique are normal (17), but the procedure 
should be confined to, preparing platelets from a compatible donor for an 
alloimmunized thrombocytopenic patient. 


Selection of Thrombocytopenic Recipients 


Several pathologic states may result in thrombocytopenia. The dosage, 
frequency of administration, and utility of platelet transfusions all depend 
on underlying etiology. 


THROMBOCYTOPENIA SECONDARY TO FAILURE OF MARROW 
PLATELET PRODUCTION Decreased megakaryocytopoiesis maybe con- 
genital, idiopathic, or secondary to radiation, chemicals, insecticides, drugs, 
viruses, or marrow replacement (18). Patients with this form of throm- 
bocytopenia are the best candidates for platelet transfusions since the incre- 
ment and survival of transfused platelets should be close to normal. In 23 
patients with production-related thrombocytopenia, we found that platelet 
recovery was 56 + 3% of the number transfused, and survival was 5.2 + 
1.1 days. These results were interpreted as modestly reduced since normal 
subjects had 65 + 5% recoveries and 9.6 + 0.6 day survivals (Figure 1). To 
exclude alloimmune destruction, the patients selected for this study either 
had autologous platelet survivals measured, received platelets from an iden- 
tical twin, or, if transfused with random donor platelets, they had never 
been previously transfused or pregnant. The modest reduction in platelet 
survival observed in these thrombocytopenic patients has been previously 
reported (19-21) but the mechanism for the shortened platelet survival has 
never been established. The best hypothesis may be that platelets normally 
interact in some fashion with the vascular endothelium (22-27). When the 
platelet count is normal, the percentage of platelets involved in this process 
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Figure ] Platelet recovery and survival in normal and in thrombocytopenic patients. In 30 
normal individuals initial increment (i.e. recovery) of *'Cr-labeled autologous platelets was 65 
+ 5% (S.D.) and survival, 9.6 + 0.6 days. In 23 patients with production-related thrombo- 
cytopenia and platelet counts of <70,000/ 41, autol-gous or allogenic platelet recovery was 
56 + 3% and survival was 5.2 + 1.1 days. To exclade alloimmune destruction, the throm- 
bocytopenic patients selected to receive donor pla=lets either had never been previously 
transfused or pregnant or were given platelets from an identical twin. 


may be so small that it cannot be measured. However, in thrombocytopenic 
patients this vascular consumption may be proportionately much larger and 
thus readily detected. In such patients platelet transfusions are usually 
required about twice a week to maintain cicculating platelet levels adequate 
for hemostasis. 


THROMBOCYTOPENIA SECONDARY TO SPLENIC POOLING Nor- 
mally about one third of the platelets produced by the bone marrow are 
pooled in the spleen (28). In hypersplenic individuals the platelet level is 
usually in the range of 30,000-80,000/ 1, so platelet therapy is not a 
common requirement. However, if platelet transfusions are needed in these 
individuals, recovery (i.e. incremental response following transfusion) is 
reduced proportionately to the size of the spleen. Thus, these patients need 
more platelets than normosplenic indivicuals to achieve the same post- 
transfusion platelet count. Fortunately, plelelet survival is not altered (Fig- 
ure 2). If platelets are used to control operative bleeding during 
splenectomy, maximum response is achieved by clamping the splenic pedi- 
cle before the platelets are transfused. 


THROMBOCYTOPENIA SECONDARY TD INCREASED DESTRUCTION 
The difficulty with platelet transfusions in this group of patients is that the 
factors affecting the’survival of the patients own platelets are almost always 
extrinsic to the platelet and therefore will cause at least as much destruction 
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Figure 2 The effect of spleen size on the circulating platelet count. Normally about one third 
of the platelets produced by the bone marrow are pooled in the spleen. In patients with 
hypersplenism the proportion of circulating platelets is reduced while platelet survival is 
unchanged. In asplenic individuals approximately 90% of the platelets circulate. Similarly, the 
incremental platelet count (i.e. recovery) following platelet transfusions is directly related to 
the size of the recipient’s spleen. (From Ref. 28.) 


of donor platelets. The frequency of platelet transfusions in this group has 
to be increased, and in certain situations it becomes impossible to sustain 
an effective increment. However, some of these patients do not require 
increased platelet levels because their own platelets are young and have 
increased hemostatic effectiveness. 


Autoimmune thrombocytopenic purpura (ITP) In patients with severe 
ITP, transfused platelets survive for only a few hours (29), so they should 
not be transfused unless the patient has life-threatening bleeding. Such 
bleeding, even with very low platelet counts, is rare in ITP because the 
compensatory marrow response is associated with a reduction in 
megakaryocyte maturation time and release of young hyperfunctional plate- 
lets. The presence of such platelets is most clearly shown in patients with 
ITP by measurements of the relationship of bleeding time to platelet num- 
ber (Figure 3). Specific treatment of the underlying disease with corticoste- 
roids usually reduces the accelerated platelet destruction and allows the 
compensatory marrow platelet production to exceed the rate of removal, so 
the peripheral platelet count rises. This type of specific therapy should be 
used as the primary treatment rather than attempting to maintain platelet 
counts by transfusion. 
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Figure3 Relationship between bleeding time and p=telet count in production-related throm- 
bocytopenia versus patients with autoimmune throm=ocytopenia (ITP). The template bleeding 
time shows a direct inverse relationship to platelet cunts between 100,000 and 10,000/ ul in 
patients with production-related thrombocytopenia closed circles). However, in patients with 
ITP (open circles), the bleeding time is disproportiozately reduced indicating the presence of 
hyperfunctional platelets. Thus, patients with ITP save less tendency to bleed at any given 
platelet count than those with failure of marrow pEtelet production. (From Ref. 51.) 


Disseminated intravascular coagulation The common denominator in this 
group of disorders is extensive tissue injury with resultant increased utiliza- 
tion of platelets as well as other plasma co=gulation factors (30). Situations 
in which there is sufficient consumption to require platelet transfusions 
include massive trauma or burns (31), bacteremia, leukemia, and extensive 
surgery, particularly open heart surgery where there is an additional loss 
of platelets that adhere to artificial surfaces in the extracorporeal circuit. 
Platelet transfusions in these situations are given only for supportive rea- 
sons to control or ‘prevent bleeding until the underlying disease process 
resolves with specific treatment. 

Some of these conditions require speci=l mention because of their fre- 
quency, severity, or unusual demand for platelet support. After extensive 
trauma, burns, or surgery, patients often require massive blood transfu- 
sions. The combination of increased peripheral platelet utilization plus 
volume replacement with stored blood lacking viable platelets may produce 
severe thrombocytopenia. After the admenistration of approximately 16 
units of blood, thrombocytopenia (platele= count 100,000/ x! or less) may 
contribute to bleeding, and platelet transftsions should be considered (Fig- 
ure 4) (32). Patients undergoing open heart surgery may have not only 
thrombocytopenia but also platelet dysfunction related to cardiopulmonary 
bypass and hypothermia. Thus, cardiac pazients who bleed post-operatively 
in spite of platelet counts greater than 100,000/ ul may have continued 
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Figure 4 Massive blood transfusions and dilutional thrombocytopenia. In patients with 
extensive transfusion requirements the platelet count is inversely related to the number of units 
of blood transfused. With platelet counts of <100,000/ pl and a disrupted vascular system, 
platelet transfusions may be required to permit platelet plug formation. (From Ref. 32.) 


platelet dysfunction off bypass. These patients should benefit from the 
transfusion of functional platelets (33). 

Patients with acute leukemia present very difficult support problems. Not 
only do they have the most extensive platelet consumption of all the malig- 
nancies (Figure 5) (34), but marrow invasion with leukemic cells plus 
marrow-ablative chemotherapy results in failure of compensatory marrow 
platelet production. Furthermore, compromised marrow production in- 
volves granulocytes as well, and the associated septicemia further reduces 
the survival of transfused platelets (30). Platelet support requirements in 
leukemia are often more excessive and prolonged than in any other clinical 
condition with the exception of chronic refractory marrow aplasia. Alloim- 
munization is a frequent occurrence, with the attendent problems of finding 
compatible platelet donors. 


Drug-related thrombocytopenias Quinidine is the most common cause of 
drug-induced immune thrombocytopenia (35). Other drug-related platelet 
antibodies have also been documented (36), and all of these are characteris- 
tically self-limited with discontinuation of the drug. When thrombocyto- 
penia is so severe that platelet transfusions are required to control bleeding, 
donor platelets are also rapidly destroyed so that transfusions may have to 
be provided once or twice a day until drug elimination. 
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Figure 5 Platelet survival is reduced in malignang diseases. In patients with metastatic 
malignancies, the combined consumption of platelets zad fibrinogen is most severe in the acute 
leukemias. (From Ref. 34.) 


Post-transfusion or neonatal isoimmune thrombocytopenia Several plate- 
let-specific antigen systems have been idertified (37). The development of 
antibodies to these platelet-specific antigens may lead to thrombocytopenia 
requiring the transfusion of platelets that d= not have the offending antigen. 
Such problems usually are related to the FLA! antigen, which is carried 
by 97% of the population. In two clinical settings difficulties may develop 
in PLA~! negative individuals who have dzveloped anti-PLA“! antibodies, 
usually from prior exposure to PLA! postive platelets by transfusion or 
pregnancy. Rarely, a PLA“ negative individual given a transfusion contain- 
ing platelets from a PLA“ positive individezal develops severe acute throm- 
bocytopenia 3-5 days later. This event is associated with an anamnestic 
recall of the antibody, which then, by an unknown mechanism, destroys 
not only the PLA“! positive transfused p-atelets but also the autologous 
PLA~! negative platelets. Management corsists of transfusing PLA“! nega- 
tive donor platelets or performing an exchange transfusion with plasma or 
whole blood to remove the antibody (38): In addition, a PLA negative 
pregnant woman may be sensitized by the PLA“! positive platelets of her 
unborn child. This IgG antibody can cross the placenta and cause severe 
thrombocytopenia in the baby. However, since the mother is PLA“! nega- 
tive, her platelets can be used to provide th= baby with compatible platelets 
just as in hemolytic disease of the newbo-n. When this procedure is fol- 
lowed, it may be important to wash the platelets free of plasma before 
transfusion so that additional antibody is not transfused (39). 
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CONGENITAL DISORDERS OF PLATELET NUMBER OR FUNCTION 
The majority of patients with hereditary thrombocytopenia do not have 
very low platelet counts and, since ineffective platelet production is the 
usual underlying mechanism, the response to platelet transfusions, if 
needed, is good (18). The use of transfusions should be limited to the control 
of operative or traumatic bleeding, since these chronically thrombocyto- 
penic patients are always subject to alloimmunization. Similar recommen- 
dations are made for patients with thrombocytopathic conditions causing 
significant platelet dysfunction (40). 


Requirements for Documenting Efficacy of Transfused 
Platelets 


Determining the clinical effect of transfused platelets in a bleeding patient 
is often difficult because petechiae and purpura take several days to disap- 
pear, and bleeding may resolve even without platelet transfusions. To cir- 
cumvent these problems in human subjects, thrombocytopenic models were 
developed in animals by total body irradiation or platelet antiserum. The 
effects of platelet transfusions were then evaluated directly by measuring 
red blood cell loss into the lymphatic system as well as changes in hemato- 
crit and bleeding times. These studies clearly showed the necessity of viable 
platelets to control bleeding manifestations, since disrupted, lyophilyzed, or 
improperly frozen platelets as well as membrane phospholipid fractions 
were ineffective substitutes (41-44). These initial observations were subse- 
quently confirmed in thrombocytopenic patients (45). 

Given that viable platelets are required, the accepted indicators of effec- 
tiveness are the platelet increment and survival after transfusion. These 
values are determined by measuring the platelet count before transfusion 
and then at 1 and 4 hours and daily after transfusion. Survival measure- 
ments determine the required frequency of transfusion while the initial 
platelet increment correlates most closely with the immediate clinical re- 
sponse (8, 18, 46). For example, in a group of leukemic patients, major 
vessel bleeding (melena, epistaxis, hematuria, oral mucosal and hemateme- 
sis) was controlled 33% of the time (8/24 patients) when the post-transfu- 
sion increment was <20,000/l, 67% of the time when the count was 
between 21,000 and 40,000/ yl (12/18), and 83% of the time with platelet 
counts greater than 40,000/1 (13/16). In thrombocytopenic recipients 
platelet increments can usually be expected to be 56 + 3% of the number 
of platelets transfused (18). Causes of reduced increments are hypersple- 
nism, where the reduction is correlated with the size of the spleen (28); 
alloimmunization (47); and fever or infection. In the latter instances, re- 
sponse may be decreased by 20-40% (8, 9, 48) conceivably as a direct effect 
of endotoxin or bacteria on the platelets (49). Following 131 transfusions 
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into 28 patients (usual donor was a pæent), recoveries were 39% if 
the patient was afebrile and 21% with <smperatures greater than 38.5 
(P < 0.01). During sepsis recovery was reduced to only 15%. Values for 
platelet survival for the respective groups was 60% of the initial value on 
day 2 for noninfected patients, 25% for fever greater than 38.5°C, and 12% 
for sepsis. Alloimmunization is also associated with reduced platelet sur- 
vival while splenomegaly is not. Whether “ever without infection reduces 
platelet increments and survivals is not clzar, since negative cultures in a 
febrile patient do not exclude infection. 

In addition to viability measurements, the function of the transfused cells 
is important in the clinical response. Unfor-unately, in vitro tests of platelet 
function (aggregation, adhesion, PF3 releese, serotonin uptake or release, 
and hypotonic shock) may not predict the m vivo function of platelets (50). 
The most reliable in vivo platelet function st is the standardized template 
bleeding time (51). 


CONTROVERSIAL ASPECTS Of PLATELET 
TRANSFUSION THERAPY 


Having identified the best methods of preparing platelets for transfusion, 
the expected response, and how it may vary depending on the clinical 
condition of the patient, several aspects >f platelet support still remain 
controversial because of conflicting or incomplete data. 


Platelet Storage 


It has been known for over 15 years that storing platelets at 4°C for more 
than 24 hours results in significant loss in zlatelet viability (16). By testing 
platelets stored at several temperatures, < was determined that 22°C is 
optimum for platelet recovery and survival (52). The better viability of 
platelets stored at 22°C compared to those szored at 4°C has been confirmed 
by several investigators (Figure 6) (52-56). However, of equal importance 
to maintaining platelet viability during storage is the preservation of hemo- 
static effectiveness. The in vivo functional .ntegrity of 22°C vs 4°C stored 
platelets has been an area of major dispute. 

When the relationship between post-trarsfusion bleeding time and plate- 
let count was determined for platelets stor2d at 4°C and 22°C for 24 and 
72 hours, it was shown that at 22° platects maintained their functional 
integrity, while at 4°C platelets became dyssunctional, except for occasional 
transient improvements in the bleeding time (Figure 7) (53). This finding 
was not supported by the first study of post-storage platelet function by 
Aster and his co-workers, who showed tetter function by 4°C- than by 
22°C-stored platelets (56). However, a th--d of their patients had no im- 
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Figure 6 Viability of platelet concentrates stored at 22°C vs 4°C. Platelet concentrates were 
prepared from normal volunteer donors, and after *'Cr labeling they were transfused immedi- 
ately or after storage for 72 hours at either 22°C or 4°C. Recovery and survival of the 
autologous transfused platelets are shown (height of column, mean; bar, +1 S.E.). (From Ref. 
53.) 


provement in bleeding time even with fresh platelet transfusions, and, after 
storage at room temperature, half of the concentrates had a pH below 6.0 
because of inadequate plasma volume (<30 ml). Platelet concentrates with 
a post-storage PH of 6.0 or below are known to be nonviable and therefore 
are not expected to provide hemostasis. A more recent study was performed 
by Filip & Aster (57) with platelets stored at room temperature and main- 
tained in 50 ml of plasma. Their results showed that although platelet 
concentrates stored for 72 hours at 4°C maintained some function during 
the first 4 hours after transfusion, these platelets were clearly dysfunctional 
by 24 hours. Conversely, the platelets stored for 72 hours at 22°C were 
consistently able to shorten the recipient’s bleeding time. 

Another cause of the controversy over platelet function post-storage was 
related to the use of normal volunteers given doses of aspirin rather than 
thrombocytopenic patients as the test subjects. Normal volunteers who had 
ingested aspirin 24 hours earlier were transfused with platelets, and bleeding 
times were measured before and after transfusion to determine whether 
bleeding times prolonged by aspirin could be corrected (58). O’Brien (59) 
showed that if nonaspirinized platelets constituted at least 10% of the total 
number of platelets being evaluated, platelet function as measured by aggre- 
gation was normal. To achieve this 10% platelet level in vivo, Handin & 
Valeri (58) gave 4 units of pooled homologous fresh platelet concentrates 


SLICHTER 


520 


4 419 Papo aea « TS 


> 30 






aqnet 
5 Rend es ewe we 





CREF SE RHE SEE EE 
Sotee seezesereer 
sepneneaszeseat 
$0024 5enaneamsa 












+3 


22> 


28 





rer 


Pees ORCHARD EEOREER 
SISLCET HEV CREE RT TESIED 
SRaPTETHISEF ES PFORE MELE EXE 
PURER ESE EDO CAHSEE ERED ED ESES Par T ee 
bo554334-3044 eto) 





oe 
$34 









20 





Pheeneee 
nangane 
Se taeer 


+ 
ASAN 
, 
THIN 
` 


» 
* 
+ 
+ 
+ 
$ 
+ 
H 
t 
i 
¥ 












* 
ee 

+ 

etren 
+ 


* 





. 
A 
t 


Sh eke eee eS AEE ESE wee EHENES ES 
terete. 


eee 





SRaeeras 


4403505 
+a 


apah 





Sarenetares 
osebed shteee 


16 





sevauwans 
abnesenn 





Stdieiettia tat sd 





tb 54bbbesbtsibtbottaeterd 





SbPen eee Reraen 


eTereserer err 
Tie tah ta ttiede 2 





12 
Bleeding Time (Minutes 


= 





tents 
s. 





tise 
ara 





* 
* 
+ 
* 
. 


Peeanera 


p 
+ 
4 
. 
+ 
* 
> 








Br deans res see 
Terr Tere r eri 


erce 


RERSOC KE NAERE ERT TER RENE TSOED 
aot 





sars 
rar 








arsssuervivta 
Seeaneeen ature 








45k ea eA wR AT ET ESE SE LSE NSH SD 


pietitiitsetetT ait itt hited 
ASEDMEDD ER Oe Saw eT TOL EES ORS 





terderesy 
prereset PRE eRe bx caer cea a ett 
a6etete PPCSLATR ae aeEET 


erresettc eee 
Sricsessaes Fetes 
Sricsestzteance 
+ 40 4ne ea ezaear ae Paha d betel 
tesnteaapenscasser piiriks: 
1. Sesabanttet ehateeerevetare 


KO PROM PES ORS ERS RST L RSLS TES OE SES 
ROVERS LAAN Dears 


POP ROGEET ESA ERe eet Tatar tee Gee 









O 
80 
60 
40 
20 


In 01x JUNOD 4212{Di¢ 


, 
. 


PLATELET TRANSFUSION THERAPY 521 


to the aspirin-treated normal volunteers and found that the bleeding time 
was corrected to normal within 2 hours of transfusion. Autologous platelet 
concentrates obtained by plateletpheresis before aspirin ingestion were 
then stored for 24 or 48 hours at room temperature. Two hours after 
transfusion of the stored pooled concentrates into the aspirinized donors, 
there was no correction of the post-transfusion bleeding time. However, a 
correction was found 24 hours post-transfusion. This finding indicated a 
loss of platelet function during storage but in vivo reversability of this 
dysfunction with time. A subsequent study by Valeri (60) indicated that 
interpreting platelet function by using this aspirinized normal volunteer 
model presented difficulty. A single platelet concentrate transfused into 
aspirinized normal volunteers did not achieve the 10% nonaspirinized 
platelet level of the prior study, and therefore no correction of the bleeding 
time occurred with either fresh or room temperature-stored platelets. How- 
ever, correction did occur following the transfusion of one unit of 4°C- 
stored platelets; this suggests that there is some in vitro activation of the 
platelets during 4°C storage, or alternatively, that this model provides 
artifactual data on platelet function. Indeed, Kevy et al (61) have shown 
that the aspirinized bleeding time is improved not only after administration 
of 4°C-stored platelets but also with the infusion of the supernatant plasma 
removed from the 4°C-stored platelets. Thus it appears that the aspirinized 
normal volunteer model does not accurately reflect the results of platelet 
transfusions given to thrombocytopenic patients. 

In summary, cold-stored platelets may sometimes be able to provide 
transient hemostasis, but their routine use for anything other than emer- 
gency treatment is not in the best interest of the patient since they do not 
maintain either function or viability as well as 22°C-stored cells. In addi- 
tion, the need for more frequent transfusions because of the shortened 
survival of 4°C-stored platelets would be expected to result in a higher 
percentage of alloimmunized patients. 


a 
Figure 7 Function of platelets after storage at 22°C and 4°C. Bleeding times and platelet 
counts in aplastic thrombocytopenic patients following transfusion of platelets stored at 22°C 
(A) and 4°C (B). Pre-transfusion bleeding times were greater than 60 minutes and platelet 
counts were less than 10,000 per ul in all cases. (4) 22°C: data on four patients following nine 
transfusions (two stored for 24 hours and seven stored for 72 hours). (B) 4°C: data on two 
patients after eight transfusions (three stored for 24 hours and five stored for 72 hours). 
Platelets are functional in every case within 21⁄2 hours post-infusion of 22°C stored platelets 
and remain functional (4) while only a single measurement showed any function after 214 
hours post-transfusion of 4°C stored platelets (B). Triangles = 24-hour storage; circles = 
72-hour storage. Open symbols = measurement between 5 minutes and 214 hours post- 
transfusion; closed symbols = after 21⁄2 hours. Shaded area represents 95% confidence limits 
of relationship between bleeding time and platelet count in untransfused aplastic thrombocyto- 
penic patients. (From Ref. 53.) 


522 SLICHTER 


Prophylactic vs Therapeutic Platele? Transfusions 

In patients who are expected to be thrombocytopenic for extended periods 
(aplastic, leukemic, or other patients with malignancy undergoing extensive 
chemo- or radiotherapy) it is important z consider platelet transfusion 
schedules very carefully since repeated transfusion leads to alloimmuniza- 
tion (62). It would be relatively easy to determine when to provide platelet 
transfusions if there were a direct relationship between platelet count and/ 
or function and bleeding manifestations. Several studies have attempted to 
define such relationships. A platelet count of at least 20,000/ u1 has been 
widely accepted as the required concentration based on a study by Gaydos 
et al (63). However, even the original authors indicated that they could not 
determine a threshold platelet level based on their studies (Figure 8). 
Grossly visible hemorrhage (hematuria, melena, and hematemesis) was 
most frequent (10-30% of the days) at platelet counts of less than 5000/ 
l. Patients whose platelet counts were between 5000 and 100,000/ ul had 
little difference in bleeding (8 and 4%, respectively.) Sixteen of the 92 
patients analyzed died of intracerebral bleding. Half of these had blastic 
crisis in CML, and autopsy revealed leukcstasis and leukemic nodules. In 
this group, platelet levels were relatively high at the time of hemorrhage (the 
median being 10,000/ u1) and only 1 patint had a platelet count below 
5000/ ul. By contrast, in patients without blastic crisis, only 1 of the 8 had 
a platelet count higher than 5000/ ul and that count was less than 10,000/ 
pl. A level of 5000/ ul is in agreement w=h stool blood loss studies as a 
measure of critical platelet levels (Figure =). The minor forms of hemor- 
rhage such as petechiae, ecchymoses, and epistaxis occurred much more 
frequently than the more serious forms at aL platelet levels (Figure 10) (63). 


% Days with Gross Hemorrhage 





05 1 5 10 50 100 
Platelet Count. al x IO” 


Figure 8 Clinical bleeding as a manifestation of -mtelet count. In 92 thrombocytopenic 
leukemic patients grossly visible hemorrhage (hematc-ia, melena, hematemesis) expressed as 
a fraction of total bleeding days according to platelet count. (From Ref. 63.) 
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Figure 9 Stool blood loss as a measure of thrombocytopenic bleeding. When stool blood loss 
(expressed as ml of blood per day) was determined in 20 aplastic thrombocytopenic patients 
(closed circles), blood loss was less than 5 mi per day at platelet counts greater than 10,000/ 
pl. At platelet counts between 5000 and 10,000/y1, blood loss averaged 9 + 7 ml per day. 
At levels less than 5000/41 blood loss was markedly elevated at 50 + 20 ml per day. (From 
Ref. 18.) 


Similar observations were made in another study of bleeding in children 
with acute leukemia. Minor bleeding episodes in skin, mucous membranes, 
microscopic hematuria, guaiac positive stools, and epistaxis were found in 
approximately 50% of individuals with platelet counts between 0 and 
40,000/ ul but there was no correlation between frequency of bleeding and 
absolute counts within that range (64). However, serious bleeding (gross 
bleeding from GI or GU tract) occurred in 26% of the 62 patients with 
platelet counts between 0 and 10,000/ ul, 10% between 10,000 and 20,000/ 
pl and 4-5% between 20,000 and 40,000/ pl. 

Bleeding at levels higher than 5000/ ul is most likely related to platelet 
dysfunction associated with underlying disease (65, 66), fibrinolysis (67), 
drugs (68-70), or fever/infection (71). In the clinical management of pa- 
tients with thrombocytopenia it 1s particularly important to recognize the 
influence on platelet function of aspirin-containing compounds and semi- 
synthetic penicillins. Although the former can be avoided, the latter drugs 
often have to be given because of the frequency of low white counts and 
concurrent infections in patients with thrombocytopenia. 

Fever and/or infection may also contribute directly to the bleeding ten- 
dency in thrombocytopenic patients although this issue has not been ade- 
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Figure 10 Relation between hemorrhage and plateEt count. The percentage of days with 
hemorrhage for the 92 patients with acute leukemie. Figures across the top are the total 
number of patient days at each platelet count. Curve I shows data for all hemorrhagic 
manifestations. In curve II, skin hemorrhage and epistaxis are excluded. Curve III refers only 
to grossly visible hemorrhage (hematuria, melena, hematemesis). (From Ref. 63.) 


quately resolved. The original studies of Freeman & Buckley (71) suggested 
that fever and thrombocytopenia were independent variables that were both 
associated with bleeding in patients with platelet counis of less than 60,000/ 
pl. At higher platelet levels fever did not ccatribute to bleeding. Fever was 
positively correlated with elevation of serum polysaccharides derived from 
bacterial membranes. In most of their patients fever was a manifestation of 
infection and they concluded that the mec=anism for fever increasing the 
bleeding risk could be related either to (a) z decreased platelet lifespan and 
thus more pronounced thrombocytopenia, (b) serum polysaccharides or 
some other fever-associated factor inhibitinz platelet function, or (c) infec- 
tion-damaged vessel walls requiring more riatelets than the number avail- 
able. A subsequent study by Roy & Djerassi 226) indicated that bleeding was 
not more common in infected vs noninfected leukemics and this lack of 
correlation was attributed to administration of different antibiotics or infec- 
tion with another spectrum of agents. However, all of these patients were 
on prophylactic platelet transfusions so an effect of the infection may have 
been obscured. The detrimental role is mest likely related to the actual 
presence of infection with additional platelet consumption and associated 
platelet dysfunction rather than to a direct result of fever per se. 

These studies indicate that it is impossit-e to exactly define the indica- 
tions for platelet transfusions to prevent bleeding based on platelet count 
because platelet dysfunction is so common. The critical question is whether 
bleeding can be adequately controlled as it ozcurs or whether a patient must 
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be treated prophylactically by some arbitrarily defined criteria. In addition, 
how does the platelet transfusion program selected affect the patient’s long- 
term prognosis? Clearly, indiscriminate use of platelet transfusions may 
lead to inability to control bleeding. For example, 30 patients (6 with solid 
tumors, 24 leukemics) were given 393 tranfusions during their treatment 
course (72): 82% of the transfusions were given for prophylaxis at platelet 
counts < 20,000/ ul and 15% for bleeding. Table 1 shows that with increas- 
ing numbers of prior platelet transfusions the ability to control bleeding was 
markedly compromised. Only two studies have attempted to address the 
question of prophylactic vs therapeutic transfusions in a controlled fashion. 
Both gave platelet transfusions to a prophylactic group for platelet counts 
of less than 20,000/ x] and the second group was transfused only for bleed- 
ing that involved more than skin, mucous membrane, or epistaxis (specific 
indications group) (73). Table 2 shows results from one of the studies 
indicating that there was no difference in the number of red cell transfu- 
sions, remissions or bleeding deaths between the two groups. However, the 
prophylactic group required twice the number of platelet transfusions to 
accomplish the same result as the therapeutically treated patients. In an- 
other investigation of 76 children with acute leukemia, the prophylactic 
group again required twice as many platelet transfusions (74). Days with 
active bleeding were significantly less in the prophylactic group for the first 
four months of study but were equal in the two groups by the end of the 
study. Several children in the prophylactic group did not have their bleeding 
controlled by transfusion in the last months of their illness conceivably 
because they had a higher incidence of alloimmunization than the therapeu- 
tic group. Survival was not different in the two groups, which indicates that 
the children transfused only for bleeding did not die before a transfusion 
was effective. These studies emphasize the concern that prophylactic trans- 


Table 1 The effect of previous transfusions on the ability of platelet transfusions to con- 
trol hemorrhage? 


Continued hemorrhage 


Number of prior , 
pr after transfusion 


platelet SCR rf EEEN PE ee 
transfusions No Yes Total 
<3 8 (62%) 5 (38%) 13 
3~9 8 (42%) 11 (58%) 19 
10-19 5 (S6%) 4 (44%) 9 
20-29 1 (8%) 11 (82%) 12 
>30 0 — 2 (100%) 2 
Totals 22 (40%) 33 (60%) 55 


4From Ref. 72. 
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Table 2 Results of prophylactic vs therapeutic platelet transfusions® 


Patient group 
Propt ylactic? Specific indications 
Age (yr) (mean ¢ S.E.) &3 +3 44345 
Platelet packs per course (mean + S.E.) 319459 16.1 +3.4 
Red cell packs per course 6™+1.0 7.3+1.0 
Complete remissions 4/17 6/12 
Complete and partial remissions f=/17 10/12 
All deaths within 1 month/course 3/22 2/17 
Bleeding deaths within 1 month/course 2/22 0/17 


a From Ref. 73. 

DPiatelet transfusions given to acute non-lympho‘wiastic leukemic patients with platelet 
counts of <20,000/ul. 

€ Platelet transfusions given to acute non-lymphablastic leukemic patients only when 
bleeding involved more than skin, mucous membrar<s, or epistaxis. 


fusion programs not only are more costly tecause of the increased number 
of transfusions but also are not cost effect-ve, since no better results are 
achieved than with therapeutic transfusiors. In addition, patients still re- 
quiring platelet support late in their illness ray not be able to have adequate 
hemostasis because of alloimmunization. 


Methods of Preventing Alloimmunization to Platelet 
Transfusions 


DONOR SELECTION No systematic stud of donor selection with long- 
term follow-up of sensitization rates in pacients has been reported. How- 
ever, it has been clearly established that HLA antigens are present on 
platelets and that when a patient becomes refractory to random donor 
platelet transfusions, HLA typing may be useful in selecting compatible 
platelet donors (75, 76). Whether initial selection of HLA compatible do- 
nors would prevent sensitization or at least extend the time before sensitiza- 
tion is an unanswered question. In order ta address this problem we used 
an animal model that circumvented the cinical variables of underlying 
disease, immunosuppressive medications, ingections, or other blood product 
transfusions and their potential effects on alloimmunization (77). Normal 
nonimmunosuppressed dogs were allocatec to receive platelets from (a) a 
single random donor dog, (b) a pool of = random donors, (c) a DLA 
mismatched sibling, (d) a DLA matched sibling, or (e) the platelet pool 
until sensitization followed by a transfusion from a DLA matched sibling. 
ICr-labeled donor platelets were transfused weekly into the recipient for 
26 weeks or until sensitization, defined as zero labeled platelets circulating 
24 hours post-infusion. Comparison of the percentage of sensitized dogs and 
the time to sensitization yielded the results shown in Table 3. 
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Table 3 Sensitization to selected donor platelets in a dog model? 


Average number 


Recipients of transfusions until 
Platelet donor sensitized/transfused sensitized/(range) 
Single random dog 13/14 (93%) 2.7/(2~7) 
Pool of 6 random dogs (pool) 17/21 (81%) 7.4/(2-16) 
DLA mismatched sibling 4/12 (33%) 8.3/(2~15) 
DLA matched sibling 3/11 (27%) 19.0/(15-25) 
DLA matched sibling after pool 5/15 (33%) 1 


a From Ref. 77. 


The following conclusions were drawn: (a) a platelet pool allows longer 
support than a single random donor (7.4 vs 2.7 weeks), (b) some random 
donor-recipient combinations do not immunize (7—-19%), (c) platelet anti- 
gens responsible for alloimmunization are inherited but are not necessarily 
defined by the DLA locus, (d) in one third of the dogs, ‘prior random 
transfusions sensitized the recipient to a DLA matched sibling, and (e) 
exclusive transfusion from a matched sibling provides the longest period of 
platelet support. It is of interest that approximately the same percentage of 
dogs became sensitized to a DLA matched littermate whether platelet 
transfusions had only been from the littermate (27%) or had been preceded 
by pooled random transfusions (33%). This suggests that prior random 
platelet transfusions may select out the DLA matched sibling pairs who will 
become immunized, but continued support from a truly compatible donor 
will not be compromised. 

The data indicate that we cannot routinely predict compatible platelet 
donors on the basis of histocompatibility typing. This conclusion has been 
confirmed in patient studies (18, 78-80). Thus, the best use of resources 
would be to provide pooled random donor platelets until sensitization oc- 
curs, followed by support from a compatible donor. 


REMOVAL OF LEUKOCYTES In a very interesting study, Herzig et al 
(81) observed that an incompatible platelet transfusion response could often 
be made compatible when 96% of the contaminating white blood cells were 
removed by a second centrifugation of the platelet concentrate at 178 g for 
3 minutes. This procedure also removed 20% of the platelets. The compati- 
bility improved regardless of the HLA matching grade of the donor with 
the recipient (Figure 11). In that study the median duration of responsive- 
ness to the leukocyte-poor concentrates had not been reached at the time 
of writing but was in excess of 6 months (Figure 12), and there was no 
statistical difference between HLA match grades and duration of respon- 
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Figure 11 Relationship of transfused responses to prozessing HL-A selected platelet concen- 
trates. The dotted portion of each bar represents the percentage of the 17 alloimmunized, 
thrombocytopenic patients responding to routine platelet concentrates from HLA selected 
donors (142 transfusions). The cross-hatched portior of the bars represents the additional 
percent of the group responding following transfusion of leukocyte-poor platelet concentrates 
prepared by recentrifuging the platelet concentrates az 178 g for 3 minutes. The total height 
of the bar represents the sum of the standard and leuocyte-poor concentrates and therefore 
the best possible response using both techniques. The initial response for the first transfusion 
of the selected HLA donor into the recipient is compared to the results following continued 
transfusions from the same donor. A match = don=r and recipient have identical HL-A 
phenotype (or genotype). B match = all donor HL- antigens are present in the recipient 
phenotype, but the donor lacks one (B-1) or two (B-Z of the recipient antigens. C match = 
the donor possesses one or more HL-A antigen(s) not found in the recipient. (From Ref. 81.) 


siveness. This finding was in contrast to the leukocyte-rich concentrates in 
which duration of responses to HLA-A and B-1 matches was 4.5 months 
and to the lesser B-2 and C matches 1.5 months. These differences were 
statistically significant, P <0.01. Thus, there appeared to be a very long 
duration of responsiveness to leuko-poor riatelet concentrates which was 
not related to HLA matching grade. Furthermore, transfusion reactions of 
urticaria, fever, and/or chills were eliminaied in 87% of the recipients of 
the leuko-poor concentrates. In addition, tecipients of leukocyte-rich in- 
compatible platelet concentrates often hac post-transfusion granulocyto- 
penia with subsequent infection (82). 

In a subsequent study Eernisse & Brand 183) provided leuko-poor plate- 
lets (400 g for 7 minutes with 25% reduction in platelets) along with 
leukocyte-free red cells prepared using nylon wool columns to a group of 
thrombocytopenic patients. Sensitization retes in these patients were com- 
pared to a retrospective control group of patients given routinely prepared 
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Figure J2 Duration of compatible responses to platelet concentrate transfusions. The solid 
line represents the duration using routine concentrates. The broken line represents the duration 
obtained with leukocyte-poor concentrates. The numbers in parentheses are the number of 
donor-recipient pairs at risk at each time interval. (From Ref. 81.) 


platelet concentrates and buffy coat poor or leuko-pack filtered whole blood. 
In the control group 26 of 28 patients became immunized at 5 weeks (Table 
4) while in the leuko-poor group only 16/68 became immunized and 52 
were still not immunized after a median interval of 11 weeks. 

Since publication of Herzig’s study we have not observed a single patient 
in whom the additional centrifugation of the platelet concentrate reversed 
an incompatibility nor have we observed the development of post-transfu- 
sion granulocytopenia and infection. We have seen three patients in whom 
platelets were compatible as judged by increment and survival but the 
transfusion was associated with chills and fever. Using Herzig’s additional 
centrifugation eliminated the transfusion reaction, but the platelet response 
was not further improved. The explanation for these discrepant data may 
be related to differences in the number of white cells in our platelet concen- 
trates compared to that found in Eernisse’s and Herzig’s (Table 5) (84). This 
very important issue needs further clarification not only because sensitiza- 
tion may be delayed with leuko-poor platelets but also because it may 
explain some of the discrepancies in the importance of HLA typing to 
platelet compatibility. Herzig’s data indicate that leuko-poor platelet con- 
centrates are less dependent on HLA compatibility for a transfusion re- 
sponse (Figure 11) (81). 
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Table 4 Antigenicity of two platelet regimens (From Ref. 83) 


Transfusions : 
nner Transfusion 
No.of Blood (units) Platelezs (units) Refrac- duration (weeks) 
patients ave./(range) ave. range) tory median/ (range) 
Unmodified 26 8 (0-20) 12 «&-67) Yes 5 (3-15) 
Platelet and blood 
transfusions 2 11 (8-14) 11 w#~16) No 8 (6-10) 
Leuko-poor 16 13 (2-43) 27 90) Yés 6 (2-53) 
Platelet and blood 
transfusions 52 14 (4-46) 40 +.2-110) No 11 (6-32) 


Table 5 Leukocyte contamination of routizely prepared vs recentrifuged 
platelet concentrate 


Platelets X 10}! Leukocytes X 108 

Herzig (81) 

routine 0.88 8.36 

recentrifuged 0.66 0.29 
Eernisse (83) 

routine 0.83 4.058 

recentrifuged 0.63 <0.01 
Perkins (84)> 

routine 0.81 1.4 


a Leukocyte contamination between 10-20% of the number present in 
whole blood (Brand, personal communication). Since recentrifugation of 
platelet concentrates in our laboratory does xot improve the platelet incre- 
ment in alloimmunized recipients, it suggest= the critical level of wbc con- 
tamination is between 1.4 and 4.1 X 108 leukecytes per platelet concentrate. 
It also indicates that some routine method= of platelet preperation may 
maintain compatibility and eliminate the need for further recentrifugation 
of the platelet concentrates with the associated loss of platelets. 

bPperkins-prepared platelet concentrates as =escribed by Slichter & Harker, 

). 


DISEASE SUPPRESSION OF ALLOIMMUN-ZATION Based on a study by 
Freireich et al it has been generally accepted that leukemic patients rarely 
become immunized compared to patients with aplastic anemia (8). How- 
ever, in Freireich’s study, the recipients uswally received platelets from a 
single (parent) donor and thus were less likely to become immunized. 
Furthermore, the 28 patients tested receive an average of only 7 transfu- 
sions with a range of 1 to 19, which is often not enough to produce alloim- 
munization. Other evidence supporting <lisease-related differences in 
immunization was a study of Rh immunization in Rh negative leukemics 
receiving incompatible Rh positive platele= transfusions. Of 102 patients 
receiving platelets containing contaminating red cells, only 7.8% developed 
Rh antibodies compared to a 60-80% incidence in a normal control group 
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receiving similar quantities of Rh positive red cells in a planned immuniza- 
tion program (85). However, since many of the leukemic patients were also 
recelving immunosuppressive drugs at the time of study, disease vs drug 
effects could not be distinguished. Other studies (86, 87) have shown ability 
to immunize as measured by a high incidence of either lymphocytotoxic 
antibodies or increasing titers of anti-A or -B in patients with leukemia. The 
antibody changes were directly related to the number of prior transfusions. 
These findings substantiate the original studies of Shulman (62) in which 
the number of red cell transfusions received was directly correlated with the 
formation of complement-fixing platelet antibodies. There is probably little 
basic difference between the immunologic responsiveness to transfusions 
between patients with leukemia and aplasia, particularly when it is consid- 
ered that (a) leukemics often receive immunosuppressive drugs as part of 
their treatment program, and (b) antibody production should be a function 
not only of the number and type of transfusions but also of the transfusion 
schedule, which may vary significantly between leukemic and aplastic pa- 
tients. 


EFFECTS OF SPLENECTOMY OR DRUGS Several studies have analyzed 
the role of the spleen in impairing platelet transfusion response in alloimmu- 
nized patients. Flatow & Freireich (88) described three alloimmunized 
patients in whom splenectomy was associated with marked improvements 
in responses to random donor platelets. Conversely, Grumet & Yankee (47) 
found no effect of either splenectomy or steroids on refractory donors but 
did find improved responses to platelets from compatible donors, as would 
be expected with removal of the splenic storage pool. The explanation for 
the discrepancies in response to splenectomy between these studies is con- 
ceivably related to the level of circulating antiplatelet antibody. At least in 
patients with ITP, splenectomy is helpful if the patient has a low-titered 
antibody, but higher titers are associated with removal of the antibody- 
damaged cells in the liver rather than the spleen (89). 

It has not been established that any drug given after alloimmunization 
can reverse the process. However, our preliminary studies in an animal 
model (Table 6) may be interpreted to indicate that some non-marrow toxic 
drugs when given before and during transfusions can delay or prevent 
sensitization. 


Management of Refractory Alloimmumized Patients 


SELECTION OF COMPATIBLE PLATELET DONORS The first extensive 
work on platelet alloantigens was done by Shulman et al (37) who described 
PLAI, a platelet specific antigen with a frequency of about 97% in the 
population tested. Van der Weerdt (90) extended these studies and de- 
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Table 6 Drug prevention of platelet sensitization ima baboon model 


Time 
Donor-recipient for sensitization 
Drug administered? pairs mo.) (weeks) 
None 6 2, 2, 3, 3, 4,8 
Antithymocyte serum (ATS) 3 3, >16, >38 
Prednisone 2 16, >40 
ATS + Prednisone 2 20, >28 


a Drugs were given for one week before and dail~7 during weekly platelet transfusions 
from a single unrelated donor animal. 


scribed an additional platelet specific antigen system, KO. Subsequently, a 
PLGRLY®! antigen was identified on platelets, granulocytes, and lym- 
phocytes (37); this antigen was later found zo be the same as the histocom- 
patibility antigen now called HLA-A2. Colambani (91) and Svejgaard et al 
(92) established that the HLA antigens carried on an individual’s lym- 
phocytes are also expressed on the platelets. Although the HLA-A and -B 
antigens are present on platelets, some of them may have variable expres- 
sion (93-95). The HLA-C, -D and Dr antigens have not been demonstrated 
on platelets (96, 97). 

Because the shared platelet and Iymphzcyte HLA-A and -B antigens 
represent the major identifiable alloantigens on platelets, it was logical for 
Yankee et al to use HLA lymphocyte typmg to select compatible platelet 
donors for alloimmunized thrombocytoperzc patients. This method of do- 
nor selection was found to be successful both within the family (75) and in 
the random population (76). These studies have subsequently been con- 
firmed by others (98-101). 

‘However, the practicality of finding HLA identical (A) matches from 
within the general population is difficult because of the highly polymorphic 
nature of the human HLA genetic system. Hore than 50 antigens have been 
defined at the HLA-A and -B loci. Thereftre, access to more than 50,000 
HLA typed donors is necessary to assure 2 50% probability of finding 10 
perfectly matched donors for 100 potential -ecipients (102). As an approach 
to this problem, Duquesnoy et al (103) in=estigated the value of selecting 
donors with HLA antigens which were eitner the same as the patient’s or 
were known to be crossreactive with the pa-ient’s antigens. They found that 
transfusions from such donors were usefud when there was at least a BX 
match [i.e. the donor’s antigens were the same as (B match) or at least 
crossreactive with the patient’s (BX match)j. Of even more potential interest 
was the finding that some recipients responded very well to platelets from 
donors with major HLA differences, i.e. Grade C and D matches. In a 
Grade C match, the donor has one or two ALA antigens not present in the 
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recipient; in a grade D match, three or four donor antigens differ from those 
of the recipient. 

It was subsequently found by Duquesnoy et al (104) that those patients 
who responded well to C and D matched donor platelets often lacked the 
HLA-A2 antigen, while those who required A or B matched donors had 
HLA-A2. Although these studies suggest that donor selection within the 
HLA system permits some flexibility, the problem still remains that for any 
given donor-recipient combination one cannot necessarily predict the trans- 
fusion response. In fact, even a perfect HLA match may not always be 
indicative of success, because platelet alloimmunization to a matched sib- 
ling donor has been documented (78), and repeated transfusions from fully 
compatible unrelated A matched random donors is associated with unre- 
sponsiveness in up to a third of the recipients (79, 80, 105). These observa- 
tions are important both from the standpoint of the patient who may 
continue to bleed if the transfusion is incompatible, and also the donor who 
may have had time-consuming, needless procedures. 

Such findings have generated the need for studies to determine if there 
are other ways to select compatible donors. For example, Brand et al (79), 
using a combination of lymphocytotoxicity and fluorescent platelet anti- 
body crossmatch techniques, reported a 93% success rate in predicting 
platelet transfusion compatibility. Similar results were obtained by Wu and 
colleagues (106-108), who used platelet aggregometry for compatibility 
testing. The latter technique has the disadvantage of requiring that fresh 
platelets from all potential donors be available at the time of testing. Nu- 
merous other techniques for platelet antibody detection are available, but 
their ability to select compatible platelet donors has not been specifically 
assessed (109-112). Although lymphocytotoxicity testing has been used 
extensively for this purpose, recent data suggest it has limited usefulness 
(107, 113). 

Our own investigations (114) have included both platelet crossmatching 
tests and histocompatibility typing as methods of selecting donors for al- 
loimmunized thrombocytopenic patients. These studies showed that a com- 
patible family donor could be found for 19 of 36 alloimmunized recipients 
(53%) (Table 7). Selection of nonrelated compatible donors on the basis of 
HLA typing was possible but usually required HLA-A or -B grade matches. 
Two thirds of HLA-A or -B matched donors were successful. Platelet 
crossmatch tests (serotonin and adenine release and a radioimmunoassay 
for IgG on the platelet surface) could select compatible donors 84% of the 
time. Major emphasis needs to be placed on determining the relative expres- 
sion and immunogenicity of the HLA antigens on platelets so that these can 
be matched as needed. In addition, standardization and simplification of 
platelet crossmatch tests to identify platelet specific antigens is required. 
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Table 7 Family platelet donors? 


HLA matching Recipients 


grade of donor transfused 
to recipient Compatible ncompatible® (no.) 
A match? 9 2 11 
B match 1 2 2 
C match 10 24 22 
D match 0 6 4 
Total- 20 34 31 


å From Ref. 18. 

bThese donors were all HLA-A, -B, and -D identica siblings. 

C Results are for the first platelet transfusion given from family members (HLA match 
grades A through D) to 31 thrombocytopenic recipients who were alloimmunized to 
random donor platelets. B match donors had no HA antigens in excess of the recipient, 
C match donors had one HLA antigen incompatzhle with the recipient, and D match 
donors were incompatible for 2 or more HLA antigens. An additional five patients in the 
study had no available family donors. 


Depending on the facilities available to the clinician the best approach 
to management of the refractory patient may simply be to try available 
family members (parents, siblings or childr2n) since about half the time a 
compatible donor can be found. Family members, however, should not be 
used if there is a possibility of a subsequent marrow transplant. Family 
member transfusions may sensitize against minor histocompatibility anti- 
gens, thus reducing the chances of a successful transplant (115, 116). Ifa 
compatible family donor cannot be found ar transplantation is a consider- 
ation, the next step should be to utilize a readom donor file of HLA typed 
community members willing to have a plateletpheresis procedure. It is in 
this situation that a combination of close HLA matching (A or B donors) 
along with platelet crossmatch tests betwee- donor and recipient may yield 
a high percentage of compatible donors. Ifan HLA typed donor file is not 
available but platelet crossmatch tests are, ihen screening random donors 
may ultimately be successful in identifying a matched donor. 


CONTINUOUS TRANSFUSION OF INCOMPATIBLE PLATELETS One of 
the major controversies in platelet transfuzon therapy is whether the pa- 
tient benefits from the infusion of viable platelets when there is no increment 
in the platelet count. Clearly, if a platelet ransfusion results in a further 
decrement in the patient’s own platelet cownt, conceivably as the result of 
an innocent bystander phenomenon, this is more detrimental than no trans- 
fusion. 

Whether an incremental response is need2d may depend on whether the 
clinical situation requires platelet plug formation to control bleeding or, 
alternatively, if only platelet-endothelial cell interaction ts needed (117). 
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The bleeding time is the best measure of platelet plug formation and reflects 
the number of platelets required to prevent bleeding from disrupted capil- 
laries. There is a direct inverse relationship between the circulating platelet 
count and the bleeding time (Figure 3), which becomes unmeasurable at 
platelet counts below 10,000—20,000/ pl (51). Data from post-surgical pa- 
tients suggest that if larger vessels are damaged, platelet counts up to 
100,000/ ul may be required to control bleeding (32). However, in stable 
aplastic patients not on any medication, stool blood loss (as a measure of 
bleeding through intact vessels) does not consistently occur until the plate- 
let count is less than 5000/1 (Figure 9). Thus, in the refractory patient, 
continued incompatible transfusions may be helpful only if oozing through 
intact capillaries is the only defect being managed. 

The fact.that platelets may have some endothelial supportive function 
comes from several lines of evidence: (a) platelet survival is less in patients 
with thrombocytopenia than in normal controls (18-21, 27); (b) often there 
is a better increment with the second platelet transfusion in a severely 
thrombocytopenic patient than with the first: conceivably the first transfu- 
sion provides platelets that interact with the endothelium rather than circu- 
late (9, 72, 118); and (c) the control of bleeding often extends beyond the 
correction of either the bleeding time or the platelet count (5, 19, 119, 120). 
Furthermore, in the irradiated dog model, small amounts of transfused 
platelets, which neither increased the platelet count nor corrected the bleed- 
ing time, prevented leakage of red cells through the vessels into the lym- 
phatic system (26). . 

This discussion is not to be interpreted as a recommendation for routinely 
transfusing platelets into patients who do not have an increment in the 
platelet count or improve their template bleeding times. Rather it is a 
careful examination of the available data which suggests that in some 
patients with very low platelet counts (<5000 platelets/ u1), capillary bleed- 
ing, and for whom no compatible donors are available, a clinical trial of 
frequent small platelet transfusions to see if bleeding is controlled may be 
justified (54). 
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INTRODUCTION AND DEFINITIONS 


Infant botulism is the newly-recognized form of botulism that results when 
spores of Clostridium botulinum germinate and then multiply in the gut and 
produce botulinal toxin in vivo (1). Infant botulism should be distinguished 
from the two other better-known forms of botulism. Food-borne botulism 
is an intoxication that results when an improperly preserved food that 
contains preformed botulinal toxin is eaten. Wound botulism, a rarely 
reported entity, results when C. botulinum organisms infect and produce 
- toxin in traumatized tissue. 

After absorption and hematogenous distribution, botulinal toxin binds 
presynaptically at the neuromuscular junction and other peripheral cholin- 
ergic synapses, thereby preventing acetylcholine release. The clinical effect 
of this action is hypotonia and a descending, symmetric flaccid paralysis. 
For as yet unknown reasons, the intestinal tract of only some infants is 
susceptible to C. botulinum infection; most infants, older children, and 
adults regularly ingest C. botulinum spores without ill effects. 


HISTORY 


Infant botulism is not a new disease; it is only newly recognized. The first 
case of human infant botulism—proved by laboratory examination—is now 
known to have occurred in California in 1931, although it was misdiagnosed 
at the time (2). This case is of particular note because it illustrates how 
concepts that are well-established and widely accepted at a particular time 
may block perception of newer and more correct perspectives. In 1919 a 
Botulism Commission, consisting of Meyer, Dickson, and Geiger, was 
created because explosive outbreaks of food-borne botulism, then a poorly- 
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understood disease, threatened both the rublic’s health and the canning 
industry (3). In three years the Commissior established much fundamental 
knowledge about botulism as a food-borne disease (4). A decade later in 
1931 each of the former commissioners became personally involved with the 
case of the first patient to have infant botulism: Dickson tested the feces that 
established the diagnosis, Meyer tested the remaining cans of evaporated 
milk, and Geiger, as Health Officer of San F-ancisco, received the attending 
physician’s report of the case (2). Althouga no food eaten by the patient 
could be proved to contain preformed botu_nal toxin, the concept of botul- 
ism as a food-borne disease apparently had been so securely established by 
the Commissioners that they did not seriously consider in 1931 the possibil- 
ity that C. botulinum could colonize the infant gut and produce toxin. Forty 
years later, however, when reminded of tte case by the patient’s father, 
Meyer at once perceived this possibility anc planned experiments to test the 
idea (2). ; 

The characteristic clinical features of infant botulism had become evident 
to some well before the etiology of the d-sease was understood. In 1974 
Grover, Peckham & Berman (5) described Tom Pennsylvania nine patients 
with a neurologic syndrome of undeterm:ned etiology that from today’s 
perspective was almost certainly infant botulism. The same idiopathic syn- 
drome was recognized in southern Califormia and in 1976 was reported by 
Ramseyer, Clay & Fishman (6) to have a characteristic electromyographic 
pattern. In 1977 Clay et al (7) connecte= their eight patients to infant 
botulism. 

The first report of overt botulism in tw= infants was that by Pickett et 
al in 1976 (8). The source of the botulinal Soxin for these two patients was 
unknown (8), but the possibility of its in vo production was suggested (8, 
9). The clinical diagnosis of botulism in thse and other infants was unam- 
biguously confirmed by the identification of C. botulinum toxin and organ- 
isms in the patients’ feces (9). Evidence ~as also obtained that ingested 
spores of C. botulinum produced the toxic in the infants’ intestinal tracts 


(1, 9). 


ETIOLOGIC AGENT 


Clostridium botulinum is a Gram-positive. spore-forming, obligate anaer- 
obe whose natural habitat worldwide is t= soil. Consequently, C. botuli- 
num is as ubiquitous as dust, and its spore: are commonly present on fresh 
fruits, vegetables, and other agricultural products. The members of this 
species are so diverse in their biochemical <apabilities that they would not 
be classed as a single species were it not for the similar toxin molecule each 
produces (10). In general, each vegetative ccl of C. botulinum produces just 
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one of seven serologically distinguishable toxins, arbitrarily designated by 
the letters A~G. All the toxin molecules are pure proteins, weigh approxi- 
mately 150,000 daltons, and act by the same mechanism. The different toxin 
types serve as convenient epidemiologic and clinical markers. 

Botulinal toxin is the most potent poison known. By extrapolation from . 
studies with other animal species, the lethal dose of botulinal toxin in the 
bloodstream of man is approximately 10° mg per kg of body weight (11). 
Because the physiologic function of botulinal toxin to the parent bacterium 
has not been established, several investigators have wondered why the 
capacity to produce toxin has been retained by C. botulinum during some 
three billion years of evolution. The answer may derive from the recognition 
of human infant botulism, a potentially fatal disease if untreated, and from 
the occurrence of botulism in other animals. If the animal host dies from 
botulinal toxin, then a large mass of decomposing tissue becomes immedi- 
ately available to support the growth and multiplication of C. botulinum. 
When nutrients become limiting, the now enlarged population of C. botuli- 
num may be induced to sporulate. As the corpse disintegrates, the spores 
may be disseminated by wind and by scavengers. In this manner its toxin 
would provide C. botulinum with a means of increasing its numbers and 
its territory. 


ANIMAL MODELS OF PATHOGENESIS 


Several animal models have been developed that provide, by analogy, some 
insight into the pathogenesis of infant botulism. It is historically noteworthy 
that the capacity of toxin-free C. botulinum spores to colonize the gut and 
cause fatal botulism was first demonstrated in adult guinea pigs by Orr over 
half a century ago (12). Orr had to use large numbers (10°) of spores to 
produce intestinal infection, presumably because of differences between the 
adult and the infant gut. 

More recently, two other animal models have been developed. Miyazaki 
& Sakaguchi (13) fed baby chickens toxin-free C. botulinum spores and 
produced fatal botulism. These investigators showed that in this species the 
cecum is the site of spore germination and toxin production, as ligation of 
the cecum at seven days of age rendered the animals immune to subsequent 
oral challenge with toxin-free spores. 

Using infant mice as a model, Sugiyama & Mills (14) experimentally 
reproduced the limited age of susceptibility to infant botulism that had been 
observed clinically (1, 11). They found that C. botulinum spores, when 
injected intragastrically, would germinate in the infant mouse gut only if 
the animal were between 7 and 13 days of age. Interestingly, although toxin 
was identified in the lumen of the colon, the mice in which the spores had 
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germinated remained well (14). Subsequent studies suggested that the in- 
traluminal toxin was not being absorbed (5). When germ-free mice were 
studied, Moberg & Sugiyama (16) found that the minimum age of suscepti- 
bility decreased from seven to three days. Adult germ-free mice could be 
colonized by as few as 10 spores, whereas crdinary adult mice could not be 
colonized even by 10° spores. Also, when adult germ-free mice were placed 
in the ordinary animal holding room for three days, they then became 
resistant to challenge with 10° spores (15). These experimental studies 
suggest that some organisms in the intestimal microflora contribute impor- 
tantly to the enteric environment that ordirarily keeps C. botulinum spores 
from multiplying in the gut lumen. 


EPIDEMIOLOGY 


As of January 1980, infant botulism had been recognized in North America, 
Europe (England) (17), and Australia (18). Since C. botulinum spores have 
been identified on all continents, infant bozulism is almost certainly global 
in distribution. All cases of infant botulism recognized to date have been 
caused by either type A or type B botuliral toxin. _ 

Because infant botulism was so recently recognized as a distinct entity, 
awareness of its existence remains limited. and many presently occurring 
cases remain incorrectly diagnosed, as in past years (2, 19). In the United 
States, cases have thus far been recognize= in 23 of the 50 states, located 
variously on the Pacific and Atlantic coasts, the Canadian and Mexican 
borders and in between. A national seasorality, if any, is not yet apparent 
from 139 laboratory-confirmed cases in the United States known as of 
January 1980. In general, the distribution of United States cases by toxin 
type has followed the established distribution of C. botulinum in American 
soil (20, 21); cases caused by type B toxin predominate east of the Missis- 
sippi River, while cases caused by type A toxin predominate west of it. 

More cases have been recognized in California than in any other state, 
probably because of its special surveillance. However, when annual inci- 
dence is adjusted for the birth rate, Utah’s incidence of hospitalized cases 
of infant botulism (about 3/10,000 live births) is the highest in the nation 
(22) and is approximately three times that cf California. Because awareness 
of infant botulism remains limited, the acfual incidence of infant botulism 
is at present unknown. The Center for Disease Control estimates that as 
many as 250 cases needing hospital care may be occurring in the United 
States annually (23), and a similar number may be dying unexpectedly at 
home before signs of illness become evident (11). 

The most striking epidemiologic feature of infant botulism is its restricted 
age range. Of all recognized cases, 98% heve occurred in patients between 
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one and six months of age, and the oldest known case occurred in a nine- 
month-old child. All major racial and ethnic groups have been affected and 
both sexes equally so. 

Investigation of potential host and environmental risk factors for infant 
botulism by means of a longitudinal case-control study was begun by the 
California State Health Department immediately after it recognized in 1976 
that infant botulism was an infectious disease. In the California studies, a 
case of infant botulism was defined as (a) an illness (fatal or nonfatal) 
consistent with the effects of botulinal toxin and (b) the isolation of C. 
botulinum. from fecal or autopsy specimens. 

Because of the repeated identification of C. botulinum spores (but not 
toxin) in honey fed to infants who subsequently developed infant botulism 
(24, 25), and because a major honey producer chose to advise the public of 
this fact in July 1978 (26), an interim analysis of the California data was 
done at that time (27). Examination of the food histories of hospitalized 
cases and their controls revealed that honey exposure constituted a signifi- 
cant risk factor for type B infant botulism, as 44% of cases, vs only 9% of 
their controls; had been fed honey (P = 0.005). Furthermore, in every 
instance in which C. botulinum spores were isolated from the honey actu- 
ally fed the patient, the toxin type of the patient’s illness (A or B) matched 
the toxin type of the C. botulinum spore found in the honey (27). Honey 
was the only one of several hundred food and drug items tested from which 
C. botulinum could be isolated (25, 27). At most, honey exposure could 
account for only a minority of infant botulism cases, as just 35% of cases 
worldwide had been fed it prior to onset of illness (27). Nevertheless, honey 
is to date the one identified and avoidable source of C. botulinum spores 
to which susceptible infants have been exposed (24, 25, 27). The California 
Health Department, the Center for Disease Control, the Sioux Honey Asso- 
ciation (the world’s largest honey producer), and pediatric editorial opinion 
have all recommended that honey not be fed to any child 12 months of age 
or less (28). 

Because milk is the principal food of infants, the possible role of breast 
milk and formula milk in predisposing to or protecting from illness was of 
particular interest. The interim data analysis was unable to provide a con- 
clusion about the possible role of milk source because the number of pa- 
tients in each of the feeding categories was too small to permit statistical 
testing (27). However, when more patients had become available for study, 
an association between milk source and severity of illness became evident 
(29). Dietary data were collected on all 60 California cases of infant botul- 
ism [50 hospitalized and 10 indistinguishable at autopsy from typical sud- 
den infant death syndrome (SIDS)]. Of the hospitalized cases, 34 (68%) 
were primarily breast fed and 16 (32%) were primarily formula fed during 
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the month prior to onset of illness. Of the healthy control infants for the 
corresponding time period, 42.4% were primarily breast fed and 57.6% 
were primarily formula fed. Unexpectedly, all ten cases of sudden infant 
death were primarily fed formula with added iron; no SIDS-like case of 
infant botulism occurred in any breast-fed infant. Hospitalized formula-fed 
infants were significantly younger at onse= of illness than were breast fed 
infants. Breast-fed infants given supplemeniary iron became ill at a younger 
age than those breast-fed infants who did not receive iron. From these data 
it was concluded that breast feeding affards relative protection against 
infant botulism and allows the illness to evotve so gradually that hospitaliza- 
tion is possible, thus explaining the dispropcrtionate number of hospitalized 
infants who were breast fed. In contrast, fo-mula-feeding appears to predis- 
pose to fulminant, fatal SIDS-like illness. Supplementary iron in the diet, 
either from formula or from other sources may additionally contribute to 
susceptibility to the fulminant form of infant botulism (29). 

The interim analysis of the California data found no association between 
illness and exposure to solid foods (27). However, since infants generally are 
introduced to solid foods in a defined progression, further analysis of risk 
by type of solid food exposure (e.g. cereals, vegetables, fruits) is underway. 

Honey was not the only potential enviroamental source of C. botulinum 
spores to be identified. Spores were also found in a sample of vacuum 
cleaner dust collected at one patient’s hom:, and in five soil samples, three 
obtained from the yards of case homes and two from the yards of control 
homes. As with honey, the toxin type (A or B) of the C. botulinum isolated _ 
from these environmental reservoirs matched in every case the toxin type 
of the patient’s illness (27, 30). It deserves. emphasis that for the majority 
of cases, no source of C. botulinum spores was identified, even circumstan- 
tially. 


CLINICAL SPECTRUM 


Most microbial pathogens are known to prcduce illness that in a population 
has a spectrum of severity usually rangimg from the subclinical to the 
fulminant. It was therefore anticipated thatinfant botulism would similarly 
have a spectrum of clinical severity (31), zven though all the early cases 
were sufficiently ill to need hospitalization (1, 7-9). Special study of groups 
other than those hospitalized provided support for this concept. A few 
infants had inapparent infection (transient “carriers” of C. botulinum), 
others had only mild, outpatient illness (31>, and finally, at the most severe 
end of the spectrum, there were those infants who presented as cases of 
sudden, unexpected death that by history acd autopsy were indistinguisha- 
ble from typical cases of SIDS (crib death) "11, 31, 32). Because systematic 
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studies of the mild and fulminant ends of the spectrum have to date been 
limited, most cases have been recognized in those infants whose onset of 
illness was gradual, yet whose course was sufficiently severe to require 
hospital admission. 


Mild and Fulminant Illness 


OUTPATIENTS Before infant botulism was known to exist as a distinct 
disease entity, mild cases were managed successfully under a variety of 
diagnostic labels and received a diagnostic evaluation that did not include 
botulism testing (19). In the spring of 1978 pediatricians in Utah who had 
had experience with hospitalized cases of infant botulism subsequently 
recognized mild cases that were managed as outpatients. Both patients had 
type A disease, and both had been considered cases of “failure to thrive” 
because for about three weeks they had failed to nurse adequately and gain 
weight. Supplementary formula feedings were carefully given at home and 
over the next several weeks the infants recovered their strength. During 
recovery, the diagnosis was suspected and confirmed by fecal examination 
(31). 

The transient presence of C. botulinum in the feces of apparently healthy 
infants has been observed both in California and Utah. In the course of a 
screening program in California to determine the prevalence of C. botuli- 
num in the fecal flora of normal infants, C. botulinum type A organisms 
but no botulinal toxin were identified in one of 160 infants studied. This 
eight-day-old infant developed constipation (but no other neurologic signs) 
about three weeks after the positive fecal specimen was passed, and the 
constipation responded to treatment with suppositories. Three subsequent 
fecal specimens collected over a six-week period were negative for C. botuli- 
num organisms and toxin (11). 

In Utah, a healthy 89-day-old baby was studied because his feces sud- 
denly changed in color and odor from “yellow and cheese-like” to “green, 
hard, and foul-smeiling.” At no time was the infant constipated, and a day 
later the feces returned to their original character. The green, foul-smelling 
fecal specimen contained C. botulinum type A organisms and type A botuli- 
nal toxin. A second fecal specimen was tested three months later and did 
not contain either C. botulinum organisms or botulinal toxin (31). These 
observations illustrate that the presence of C. botulinum toxin and organ- 
isms in the bowel lumen does not always result in clinically-evident disease 
and provide a human parallel to similar experimental findings in infant mice 

14). 
i he extent of mild and asymptomatic infection with C. botulinum will 
not be fully known until serologic tests to demonstrate its occurrence can 
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be developed. More sensitive tests will aEo be needed to determine how 
much infant botulism occurs as fulminant disease that is indistinguishable 
from SIDS. 


SUDDEN INFANT DEATH SYNDROME The relation of infant botulism 
to SIDS is of special interest. Present infomation on this relation derives 
from a 1977 California study of infant de=th that was undertaken once it 
became evident that botulinal toxin could ze produced in vivo in the infant 
gut. The known potency and mechanism »f action of the toxin suggested 
that its production could lead to rapid paralysis of airway and respiratory 
muscles that might result in sudden unexpected death (1, 9, 11, 31). 

During 1977, autopsy specimens from 280 California infants who died 
from a variety of causes were tested for botulism. From 10 infants, ‘all of 
whom died suddenly and unexpectedly, C: botulinum organisms were iso- 
lated. In two of the ten cases, botulinal tin was identified as well. Nine 
‘of the deaths had been ascribed to SIDS by the forensic pathologist; the 
tenth had been called “cardiopulmonary fature.” The histories and autopsy 
findings of the ten cases that contained C. aotulinum were entirely typical 
of classical SIDS; a few infants had an ant=cedent upper respiratory infec- 
tion, and at autopsy some had petechiae an intrathoracic organs, frothy 
intraalveolar fluid, or simply no lesions at all. The nine SIDS cases from 
which C. botulinum was isolated represented 4.3% of the SIDS cases 
studied, but because of various technical ccasiderations, this figure appears 
to represent a minimum estimate of SIDS deaths caused by the intestinal 
production of botulinal toxin. In the contral group of 68 infants who died 
of identified causes, neither C. botulinum orzanisms nor botulinal toxin was 
found (11). Subsequently, C. botulinum haz also been isolated from a SIDS _ 
case in Utah (31) and in Washington (32), b_t not from other control infants 
who died of known causes (32). 

Another observation which suggests thet infant botulism may play a 
substantial etiologic role in SIDS is the similarity of the age distributions 
of the two entities. The age distribution of SIDS has long been considered 
one of its most characteristic features (47). Peak incidence of SIDS occurs 
at two to four months of age, and only some 10% of cases are older than 
six months. The remarkable similarity of th= age distribution of the first 62 
recognized infant botulism cases to that of SIDS (11) was maintained as the 
number of cases identified worldwide increased to 111 (Figure 1) (31). 

Intestinally produced botulinal toxin mas cause sudden death in infants 
by weakening or paralyzing the muscles of tae tongue and pharynx that are 
innervated by cranial nerves IX-XII and which are among the muscle 
groups first affected in botulism. Flaccidity of the tongue and pharyngeal 
muscles would impede air flow with resultent hypoxemia that may further 
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weaken these muscles and lead to frank obstruction of the upper airway. 
The infant may be especially vulnerable to such obstruction during sleep 
when conscious muscle tone is relaxed. Tonkin has cogently described the 
anatomic features that make the infant airway particularly vulnerable to 
such occlusion (33). 

Fulminant cases of infant botulism that are indistinguishable from SIDS 
cases may absorb botulinal toxin from the gut in larger quantities or more 
rapidly than occurs in the hospitalized and outpatient cases. Such differen- 
tial absorption may be due to individual variation among infants or may 
depend on the site in the gut where spores germinate, multiply, and produce 
toxin, as toxin is absorbed much more efficiently from the small bowel than 
from the large (34). The absorption of botulinal toxin that results in charac- 

A COMPARISON OF THE AGE DISTRIBUTIONS OF CASES OF INFANT BOTULISM 
AND THE SUDDEN INFANT DEATH SYNDROME (SIDS}* 
40 


————* 111 infant botulism cases 

#——-—# 114 SIDS cases reported by Adelson and Kinney ? 
T E A 211 SIDS cases reported by Arnon et af, P 
0------0 425 SIDS cases reported by Beckwith € 


20 


Percent of Cases 


10 





0 


Months*O li i2 13 141516171 8! of wl nl 12 
Days 28 56 84 112 140 168 196 224 252 280 308 336 364 


a Pediatrics 17:669-699, 1956, Lancet 1:1273-1277, 1978, ©Curr Probl Pediatr 3:1-36, 1973. 


Figure 1 Hospitalized patient aged 44 days with infant botulism. Note ptosis, disconjugate 
gaze, flaccid and expressionless face, loss of head control requiring a supporting hand (nurse 
out of picture), as well as the presence of a cardiac monitor lead. 
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teristic SIDS fatalities may occur so rapid_y that the signs and symptoms 
of illness seen in the typical hospitalized zase (constipation, listlessness, 
poor feeding, weak cry, etc) do not have time to become apparent. 


The Hospitalized Patient 


ONSET AND PROGRESSION OF SYMPTOMS Because infants are unable 
to describe their symptoms, the onset of -lIness can only be detected by 
careful observation. Almost invariably, the first indication of illness is con- 
stipation (defined as three or more days wizhout defecation), although this 
sign is frequently overlooked by both parents and physicians. Usually, 
parents first notice that the child has become lethargic, listless, and sleepier 
than usual. Appetite is diminished, as are the suck and gag reflexes. A 
nursing mother may notice breast engorgement. The child’s cry becomes 
weak and feeble, and spontaneous activity is diminished. Dysphagia often 
is evident as secretions drooling from the mouth. 

When the descending paralysis has affected bulbar musculature and then 
has become generalized, loss of head control is prominent. Not infrequently, 
flaccidity of airway and respiratory muscles may cause respiratory arrest at 
home or in the hospital. 

In mild cases, or in the early stages of illness, physical signs of infant 
botulism may be subtle and easily missed. Cranial nerve palsies and the 
fatigability of muscular function must be €icited by careful examination. 
Ptosis often is not evident unless the child’: head is held erect. Decreased 
anal sphincter tone may provide a clue thet the patient has a generalized 
neuromuscular disease. Typically, extensive flaccid paralysis becomes evi- 
dent in two to three days (19, 31), but in sore cases, marked weakness may 
develop within hours. Some physical signs tkat the author has found helpful 
in detecting early or mild iliness may be sezn in Figure 2 and are listed in 
Table 1. 

When the muscle weakness and hypotoniz have become generalized (and 
most noticeable as loss of head control), the baby appears overtly “floppy” 
and the need for hospital admission is unquestioned—to provide supportive 
care and to continue the search for the etiology of the illness. The similarity 
of this presentation to that of other illnesses common in infancy often 
results in failure to consider infant botulism among the admission diag- 
noses. Instead, septicemia, viral infection, dehydration, idiopathic hypo- 
tonia, and polyneuritis have been among the most common initial diagnoses 
(Table 2) (19). 


COURSE Once admitted, the course of Fospitalized patients varied. In 
some cases, the flaccidity and weakness corzinued to progress after admis- 
sion, while in others it did not. In general, if the infant’s weakness continued 
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Figure 2 A comparison of the age distributions of cases of infant botulism and the sudden 
infant death syndrome. The solid line indicates all known infant botulism cases in the world: 
out-patient, in-patient, and sudden deaths. The age used was the age in days at death or when 
the infant was first seen by a physician for symptoms of botulism. (W = 111; 60 California, 
49 other states, 1 England, 1 Australia.) [Reproduced with permission from Arnon, S. S., Chin, 
J. 1979. The clinical spectrum of infant botulism. Rev. Infect. Dis. 1:614--621. © 1979 by the 
University of Chicago.] 


to extend after admission, it reached its maximum (which in most cases was 
well short of respiratory insufficiency) within the first week or two. Once 
a patient had reached his particular nadir, he usually remained at that level 
of weakness for two to three weeks before recovery of strength and move- 
ment became evident. Improvement was steady, but very slow, unless com- 
plications intervened. 
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At present, no reliable predictors of the clinical course of hospitalized 
patients have been identified. Tllness. resulting from type A toxin is poten- 
tially more severe than that resulting from type B toxin.:Duration of hospi- 
talization of California patients was significantly longer in cases caused by 
type A toxin than in those caused by type B toxin [mean of 39 vs 24 days, 
respectively (31)]. However, the range of hospital stay for cases caused 
by type A toxin. was so large (4-112 days: that it encompassed the range 
for those caused by type B toxin (5-36 daxs); hence, the illness caused by 
type A toxin -is not necessarily more severe than that caused by type B 
toxin. ` 

Patients continued to excrete both C. botulinum toxin and organisms for 
weeks-to months following recovery of suffizient-strength to permit hospital 
discharge (35). In general, excretion of type A toxin and-organisms lasted 
longer than did that of type B. Excretion cf toxin and organisms for both 
type A and type B followed apparent first-o-der decay kinetics, and this fact 


Table 1 Physical findings that may be helpful in tre diagnosis of infant botulism 


Test 


1. Shine a bright light in the eye 
and- observe the briskness of the 
pupillary light reflex. Once the iris 
constricts, remove the light. As 
soon as the iris dilates, again shine 
the light in the eye. Continue for 
1-3 min without interruption. 


2. Shine the light along the optical 
axis so that it falls directly on the 
fovea. Keep the light continuously 
on the fovea for 1-3 min even if 
the infant tries to deviate his eyes. 
Observe the infant’s efforts and 
ability to deviate the eyes. Observe 
the vigor and purposefulness of the 
infant’s efforts to avoid the light. 


3. Place a clean fifth finger in the 
infant’s mouth (but be certain that 
doing so will not compromise ade- 
quate air flow). Note the strength 
and especially the duration of the 
reflex ‘sucking efforts. If the infant 
has an empty stomach, advance 
the finger-and manually gauge the 
briskness and strength of the gag 
reflex. (Feeling the gag reflex reg- 
ularly is also a useful way to follow 
the infant’s recovery.) 


Findings 


Pupillary constriction, 
which may initialL, be 
brisk, eventually becomes 
sluggish. An initia fy mid- 
position pupil may become 
dilated at rest as tre test 
continues. 


Latent ophthalmcplegia 
may be elicited. E=forts to 
push away the exeminer’s 
hand or to squirm away 
from the light may 3e feeble 
or not purposefull> con- 
tinued. 


The suck is weak ead of 
short duration. Tre gag 
reflex is diminishes. 


Interpretation 


Fatigzbility when repetitive 
muscle contraction is re- 
quired is one hallmark of 
botulism. Infection—a most 
important consideration in 
the differential diagnosis at 
presentation—does not im- 
pair the pupillary light re- 
flex (unless the infection is 
of the CNS). 


A sustained tright light on 
the fovea is most uncom- 
fortable, and an infant with 
normal motor ability will 
use it to avoid this sensa- 
tion. 


Fatigability, as in 1. above. 
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permitted calculation of the half-life of excretion. Substantial differences 
among the duration of excretion of type A and type B toxin and organisms 
were noted, but the reasons for these differences remain obscure. For type 
B toxin, median duration of excretion was 2.1 weeks, for type B organisms 
3.0-weeks, for type A toxin 4.8 weeks, and for type A organisms 6.7 weeks. 
Excretion of C. botulinum organisms persisted 18 weeks after hospital 
discharge in one case. Thus, infant botulism is like other acute enteric 
bacterial infections in that, long after the episode of acute illness has re- 
solved, fecal excretion of the pathogen persists (35). All patients eventually 
excluded C. botulinum from their fecal flora, an observation which empha- 
sizes that C. botulinum is not part of the normal resident gut microflora of 
man (1, 9, 11, 36). The patients’ recovery of strength despite the continued 
presence of botulinal toxin in their feces suggests either that the absorption 
of toxin ceased during recovery or that any toxin absorbed was inactivated 
before it reached the nerve endings. 


COMPLICATIONS In retrospect, “progression” of “weakness” in the hos- 
pital (or “regression” once improvement began) has in some instances 
clearly been due to complications that have included nosocomial infection, 
intubation of a mainstem bronchus, hyponatremia (either from excess free 
water intravenously or from the syndrome of inappropriate antidiuretic 
hormone release), and tension pneumothoraces from a bronchopleural 
fistula. Also, necrotizing enterocolitis was reported in a patient with infant 
botulism (37). 


Table 2 Diagnoses considered in patients whose illnesses. were subsequently confirmed 
as infant botulism? 


initial impression at time 


of hospitalization Common subsequent diagnoses 
Sepsis Disorders of amino acid metabolism 
Viral syndrome Metabolic encephalopathy 
Dehydration Hypothyroidism l 
Pneumonia Heavy metal poisoning (lead, magnesium, arsenic) 
Hypotonia of unknown etiology Myasthenia gravis 
Failure to thrive Werdnig-Hoffman disease 
Drug/toxin ingestion 
Poliomyelitis 


Polyneuropathy secondary to viral infection 

Guillain-Barré syndrome or idiopathic infantile 
polyneuritis 

Hirschsprung’s disease 


4Modified from Johnson, R. O., Clay, S. A., Arnon, S. S. 1979. Diagnosis and manage- 
ment of infant botulism. Am. J. Dis. Child. 133:586-93. 


554 ARNON 


MANAGEMENT The present treatment of infant botulism consists of 
meticulous supportive care, with particular attention directed to nutrition 
and to pulmonary hygiene. Immediate access to an intensive care unit and 
to mechanical ventilation is especially impartant because aspiration or ap- 
nea may easily occur. Monitoring for both apnea and bradycardia should 
be instituted and should continue until breathing, coughing, and swallowing 
ability have adequately returned. 

The level of hospital care required was directly related to the extent of 
the patient’s paralysis. For instance, one very mildly affected patient 
managed to continue to nurse successfully throughout hospitalization with 
the mother manually assisting and expressing breast milk into the baby’s 
mouth. Most often, patients needed gavage feeding for at least part of their 
hospital stay. Several paralyzed patients recuired mechanical respirators to 
maintain life. About one third (15/50) of hospitalized California cases had 
a respiratory arrest after admission; 12 of taese 15 patients needed at least 
some mechanical ventilatory support, but only two required tracheostomy. 
Occasionally, respiratory arrest was the comsequence of simple mechanical 
factors, such as obstruction of the airway by pooled secretions or by im- 
proper positioning of the head and neck that allowed the flaccid tongue or 
pharyngeal muscles to occlude the airway. Correction of these oversights 
restored respiration. The other patients experienced respiratory insuffi- 
ciency because muscular paralysis prevented their keeping the airway 
patent or kept the diaphragm from contrasting effectively. 

Tube feeding may stimulate peristalsis ard has been successfully used in 
most patients, often utilizing mother’s expressed breast milk (which has 
been of psychologic and physiologic benefit to her as well). Patients should 
not be fed by mouth until they are able to gag and swallow. To reduce the 
quantity of C. botulinum organisms and foxin in the intestine, cathartic 
agents or bulk laxatives may be judiciously administered if adynamic ileus 
is absent, but rarely have these proved efficacious. Repeated purgation is 
unwarranted and potentially hazardous. Since it is not known whether the 
C. botulinum organisms that are present in feces in large numbers [about 
10’/g (38)] may be infectious for other nfants or adults by fecal-oral 
transmission, it is recommended that the 1sual precautions against fecal 
bacterial pathogens be taken during hospitalization. As some patients ex- 
crete C. botulinum toxin and organisms in their feces for weeks to months 
after they have returned home, the importance of careful handwashing and 
diaper disposal deserves emphasis. Botulinal toxin also causes bladder atony 
with resultant retained urine, and the risk >f infection may be reduced by 
use of the Credé method. While recovering, infant botulism patients fatigue 
easily when sustained muscular action is required, an important consider- 
ation with resumption of oral feeding because of the possibility of aspira- 
tion. 
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That successful management of patients does not involve the use of 
botulinal antitoxin merits comment. Antitoxin is used in food-borne botul- 
ism only to neutralize circulating toxin, as botulinal toxin is irreversibly 
bound to nerve endings. Circulating toxin has not yet been found in patients 
with infant botulism with one exception. The exception was an Arizona case 
that occurred in September 1978 (39); the patient was not treated with 
antitoxin and recovered completely. 

In California, antitoxin was not given to the early cases because the 
patients were in stable condition or had recovered by the time the diagnosis 
was established (1, 2, 7, 8). The experience gained with these and other 
patients indicated that antitoxin was not needed for complete recovery. 
Because botulinal antitoxin is a horse serum product, it may induce lifelong 
hypersensitivity (particularly if given to infants), and its use may also often 
be accompanied by substantial adverse side effects. When older children and 
adults with food-borne botulism were given antitoxin, serum sickness devel- 
oped in 7.4% and anaphylaxis in 2.9% of recipients (40). 

With two exceptions, botulinal antitoxin has not been given to any of the 
126 patients hospitalized with infant botulism. The first exception was the 
ten-week-old New Jersey patient who in 1975 was thought to have food- 
borne botulism (1). The other exception was a 14-week-old Maryland pa- 
tient who in 1978 was given antitoxin because paralysis and respiratory 
insufficiency progressed after hospital admission. Despite pretreatment with 
epinephrine, the second patient had an immediate anaphylactic reaction 
characterized by hypotension and bronchospasm after he had received 
intravenously only one-tenth the planned dose, the administration of which 
was promptly terminated. This case dramatizes the potential hazard of 
using equine botulinal antitoxin even in infants with no prior exposure to 
equine proteins (19, 31). Human-derived botulinal antitoxin would not have 
the limitations of the equine product, and the development of a human 
botulism immune globulin has begun (41). 

As with antitoxin, the role of antibiotics—if any—in the treatment of 
infant botulism has yet to be determined. At present, several considerations 
argue against their use. Many patients received parenteral antibiotics, usu- 
ally a penicillin derivative and an aminoglycoside, because sepsis was a 
commonly suspected diagnosis at admission. A few received oral penicillin 
or its derivatives, usually for secondary infections such as otitis media. 
When penicillin or its derivatives were used, and the feces examined at 
intervals subsequently, neither oral nor parenteral administration suc- 
ceeded in producing discernible clinical benefit or in eradicating either C: 
botulinum organisms or botulinal toxin from the intestine (1, 19, 35). Also, 
it appears that in some instances parenteral aminoglycoside antibiotics may 
act in synergism with botulinal toxin at the neuromuscular junction and 
exacerbate the paralysis (42). 
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In addition, the use of oral antibiotice may have unforeseen conse- 
quences. Unlike most bacterial infections m which one species predomin- 
ates, C. botulinum is just one of several clostridial and other anaerobic 
species present in the intestinal lumen of petients (38). Oral antibiotics that 
are clostridiocidal or clostridiostatic may b= expected to alter the intestinal 
microecology in an unpredictable manner a-d might actually permit intesti- 
nal overgrowth by C. botulinum. Also, oral antibiotics that are efficiently 
absorbed higher in the gut might not reach the parts of the intestine where 
C. botulinum resides. It is even conceivable that the use of clostridiocidal 
antibiotics might substantially increase the amount of toxin available for 
absorption in the intestinal lumen, as bot=linal toxin is liberated mainly 
when vegetative cell death and lysis occur (43). Despite these potential 
drawbacks, the possible merit of human anitoxin and of oral antibiotics in 
the therapy of infant botulism deserves to be explored in experimental 
animals before definite conclusions are drayn about their role in treatment. 

Guanidine, a drug sometimes used in foci-borne botulism, has not been 
given to patients with infant botulism. Ev2n in food-borne botulism the 
efficacy of guanidine has not been convincingly demonstrated (44). 


DIAGNOSIS AND DIFFERENTIAL DIAG“IOSIS Although infant botul- 
ism is a long extant disease (2), physicians have heretofore mistaken it for 
other illnesses (19). (See Table 2.) These categories and an additional 17 less 
frequently considered possibilities suggest where presently occurring but 
unrecognized cases of infant botulism maj be found (19). 

If a previously healthy infant, usually sx months of age or less, has a 
history of constipation and then develops weakness, with difficulty in suck- 
ing, swallowing, crying, or breathing, infan- botulism should be considered 
the most likely diagnosis (1, 7-9, 19). Elec:zromyography (EMG) may be 
quite helpful at the bedside, as a characteristic pattern known as Brief, 
Small, Abundant motor-unit action Potent&ls (BSAP) has frequently been 
found, but its absence does not exclude the diagnosis of infant botulism (1, 
7, 8, 19). The EMG pattern of post-tetani= facilitation has also been ob- 
served in patients with infant botulism (7, 3, 45). 

The diagnosis of infant botulism is estabished only by the identification 
of C. botulinum organisms in the feces or in other specimens collected at 
autopsy (1, 2, 9, 11, 32). Ifa fecal specimen cf adequate size can be obtained 
(the ‘constipation can sometimes make this task difficult), botulinal toxin 
can invariably be found in it as well. Study o7 the feces of 160 healthy infants 
age-matched to cases of infant botulism demonstrated that C. botulinum 
organisms are not part of the normal resident intestinal microflora of infants 
(11). As previously mentioned this conclusion was buttressed by the obser- 
vation that when the fecal excretion of C. sotulinum organisms and toxin 
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of 38 patients. with infant botulism was followed, all patients eventually 
eliminated both the toxin and organisms from their feces (35). Examination 
of the serum for the presence of botulinal toxin cannot be relied on to make 
the diagnosis of infant botulism because, with the one exception noted (39), 
no circulating toxin has been found in the sera of any patient.! 


PROGNOSIS For those infant botulism cases whose onset of illness is 
sufficiently gradual to permit hospitalization, prognosis is excellent and 
recovery complete. Gradual recovery of strength occurs through sprouting 
of new terminal motoneurons that locate noncontracting muscle fibers and 
then reinnervate them by inducing formation of a new motor end-plate (46). 
Clinically and in experimental animals, this process takes some weeks to be 
completed (1, 19, 46). 

Only 3 of the 126 patients with laboratory-confirmed infant botulism that 
have been admitted to hospitals worldwide have died, one from nosocomial 
complications and the other two from cerebral hypoxia that followed unex- 
pected respiratory arrest at home. The case-fatality ratio of hospitalized 
cases of infant botulism may be expected to be substantially higher than 
2.4% in countries that have limited intensive care facilities. 

It has been suggested that recovery occurs in infant botulism in part 
through development of protective antibody (1), but it has not been possible 
to test for an antibody response with the currently available mouse neutral- 
ization test because the test requires larger volumes of serum than can be 
safely collected from ill infants. With the development of more sensitive 
assays, e.g. an enzyme-linked immunosorbent assay (ELISA) system, it may 
be possible to determine whether there is a humoral or secretory antibody 
response, or both, to C. botulinum infection, 


SUMMARY: UNANSWERED QUESTIONS 


The recognition of infant botulism as an infectious disease and its subse- 
quent investigation have served to clarify the areas in which more informa- 
tion is needed. Important epidemiologic, clinical, and pathophysiologic 
questions await answers. 

In order to determine the true incidence of infant botulism, the propor- 
tion of cases that occur in the mild (outpatient), moderate to severe (hospi- 


‘Several State Health Department laboratories are equipped to test infant botulism speci- 
mens. Physicians wishing this diagnostic examination should contact their State Health De- 
partment for specimen testing or for possible referral to the Center for Disease Control (CDC), 
Atlanta, Georgia. Physicians who suspect food-borne botulism (a medical and public health 
emergency) in older children or adults are urged to alert their State Health Department and 
the CDC (phone 404-329-3311 days, 404-329-3644 nights, holidays, and weekends). 
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talized), and fulminant (SIDS) portions of tze clinical spectrum needs to be 
ascertained. This, however, requires widespread awareness of the disease 
and access to diagnostic laboratories. Onze these conditions have been 
fulfilled, it may be possible to learn whethe- there is geographic variation 
in incidence and in seasonality, and if so, to zrobe for an explanation. Other 
vehicles of C. botulinum spores besides honey and the routes by which such 
spores reach the infant gut await identification. 

At present, the most important clinical questions concern treatment. 
Meticulous supportive care is effective, but is improvement possible? For 
instance, can hospital stay be shortened or severity of illness ameliorated 
by use of selected antibiotics or of human-derived botulinal antitoxin? 

The answers to some of the most clinically germane questions may be had 
by gaining further insight into the pathogenesis of infant botulism. The 
ubiquitous distribution of C. botulinum spores implies that exposure to 
them is probably a universal, but intermitter-, occurrence. Why then do the 
spores germinate in the intestines of only seme infants? And among those 
infants in whom the spores multiply, why 5 the course of illness mild in 
some children and fulminant in others? To what extent is clinical severity 
the consequence of host factors, such as rat= of absorption of toxin, and to 
what extent is severity a consequence of ag=nt factors, such as the rate of 
toxin production by different C. botulinum strains? The answers to these 
questions will probably be found in a quantit=tive understanding of the roles 
of host physiology and immunity (including -hat derived from the mother), 
of diet in determining the composition of tbe intestinal microflora, and of 
the possible synergistic and antagonist effects of the gut microflora on C. 
botulinum spore germination and subsequent toxin production. 

There remains the riddle of the restricted age of occurrence of infant 
botulism and its peculiar distribution, whick is so strikingly similar to that 
of SIDS. If the answers to the pathophysio_ogy of infant botulism explain 
its age distribution, then they also may pror-de insight into a pathogenesis 
common to the presumed many etiologies of SIDS. Finally, infant botulism, 
including its SIDS component, may eventually be prevented by applying 
measures used to control other infectious cseases. How soon this can be 
accomplished is the remaining question. 
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